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1.1.3.3 

REACTION: 
SYSTEMATIC NAME: 

COflfiENTS : 
REFERENCES :' 

1.1.3.4 

REACTION: 
OTHER MAflE(S): 
SYSTEMATIC NAME: 
COMMENTS: 
REFERENCES: 

1.1.3.5 

REACTION: 
SYSTEMATIC NAME: 

COMMENTS: 

REFERENCES: 

1.1.3.6 

REACTION: 
SYSTEMATIC NAME: 
REFERENCES: 

1.1.3.7 

REACTION: 
SYSTEMATIC NAME: 

COMMENTS: 

REFERENCES: 

1.1.3.8 

REACTION: 
SYSTEMATIC NAME: 

COMMENTS: 

REFERENCES: 

1.1.3.9 

REACTION: 
SYSTEMATIC NAME: 

COMMENTS: 
REFERENCES: 



Malate oxidase 

C?J -Malate + Oz = oxaloacetate + BzOz 
(S) -Halate: oxygen oxidoreductase 
A flavoprotein (FAD) 
847 f 3522 

Glucose oxidase 

p-D-Glucose + Oa = D-glucono-1, 5-lactone +■ VLzOz 

Glucose oxyhydrase 

p-D-Glucose: oxygen 1-oxidoreductase 

A flavoprotein (FAD) 

391, 903, 2459, 2460 

Hexose oxidase 

p-D-Glucose + Oz « o-glucono-l,5-lactone + H2O* 
D-Hexose: oxygen 1-oxidoreductase 

A copper glycoprotein. Also oxidizes D-galactose, D-mannose, 
maltose, lactose and cellobiose 
360, 361, 4817 

Cholesterol oxidase 

Cholesterol + Oz - cholest-4-en-3-one +' UzOz 
Cholesterol: oxygen oxidoreductase 
4111, 4689 

Aryl-alcohol oxidase 

An aromatic primary alcohol + 0**"= an aromatic aldehyde + H2O2 
Aryl-alcohol: oxygen oxidoreductase 

Oxidizes many primary alcohols containing an aromatic ring; best 
substrates are (2-naphthyl) methanol and 3-methoxybenzyl alcohol 
1312 

L-Gulonolactone oxidase 

L-Gulono-1 , 4-lactone + Oz a l-xykHiexulonolactone + H*0 

L-Gulono~l,4-lact one: oxygen 2-oxidoreductase 

A flavoprotein (FAD) . The product spontaneously isomerizes to 

L-ascorbate 

2211, 2546 

Galactose oxidase - 

D-Galactose + 02 = D-ffakw?to~hexodi aldose + H2O2 
D-Galactose: oxygen 6-oxidoreductase 
A copper protein 
203 
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1.1.3.10 

REACTION: 
OTHER NAME(S) : 
SYSTEMATIC NAME: 
COflttENTS: 



REFERENCES: 



Pyranose oxidase 

D-Glucose + O2 - 2-dehydro-o-glucose + HtOz 

Glucose 2-oxidase 

Pyranose: oxygen 2-oxidoreductase 

A flavoprotein (FAD) . Also oxidizes o-xylose, i-sorbose and 
D-glucono-1, 5-lactone, which have the same ring conformation and 
configuration at C-2, C-3 and C-4 
2280, 3003, 3545, 4220 
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Analysis and Modeling of the Ferulic Acid Oxidation by a 
Glucose Oxidase-Peroxidase Association. Comparison with a 
Hexose Oxidase-Peroxidase Association 
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A commercial glucose oxidase (BOX) from Aspergillus nfeerwas partially characterized. The enzyme 
exhibited a two-step transfer mechanism, and the tdnefic constants toward glucose and oxygen were 
determined. Under comfitfons similar to dough making (glucose concentration and pH), GOX does 
not exhibit maximum activity. A hexose oxidase (HOX) from Chondrus crfspus was partially 
characterized as wen. The HOX activity ia not far from the opBmum in the kneading conditions (pH 
and ghjeose concentration). A peroxidase (TOD) purified from wheat germ was used to oxidize ferutic 
acid In the presence of GOX or HOX. Hydrogen peroxide produced during the glucose oxidation 
activates the wheat germ POD. Ferulic acid oxidation In solutions containing different ratios of POD 
+ GOX or HOX + POD was followed by UV spectrophotometry. For the same dosage, the HOX— 
POD system-Is the most efficient for peroxidase activation. Using absorbance data and kinetic 
constants of GOX and POD, a mathematical model describing the release or consumption of the 

different readartte (hydrogen peroxide, oxygen, and feruHo acid) in the medium was developed, and 
experimental data correlated well with calculated values. The results obtained wHl be applied to 
investigate the effect of GOX and HOX activities on the rheological properties of dough. 

KEYWORDS: Ferulic add; peroxidase; bread making; glucose oxidase 



INTRODUCTION 

Potassium bromate has been used extensively, as an oxidant, 
to improve the quality of flour during dough making. It enhances 
the baking performance and aids the development of a strong 
relaxed gluten matrix CT> In the last two decades, several 
toxicological studies have shown diat potassium bromate causes 
minors in rats (2), and a few cases of poisoning have been 
reported {3). As a consequence, in 1987, the International Cancer 
Research Agency classified potassium bromaie as a carcinogen 
{4). Baking industry researchers have endeavored to identify 
substitutes for potassium bromate, and one of the possibilities 
is the use of enzymes, Additions of glucose oxidase (GOX) 
(EC 1.13.4), hexose oxidase (HOX) (EC 1.1.3.5.) or pbytase 
(4-7) have been suggested during dough mixing. The use of 
HOX (5) or GOX, alone {8 f P), or in combination with 
hemicellulase (JO) or a-amylase (7/) has also been proposed 
to improve baking performance. 

GOX, in the presence of molecular oxygen, catalyzes the 
oxidation of glucose to gluconolactone and hydrogen peroxide 
UZ) GOX kinetics are Michaelian type wiih a Ping-Pong 
mechanism. Aspergillus Mger GOX has been the most studied 
{5 1 3, 14), and its effect on bread making have been extensively 
reported. Faisy and Neyreneuf {JO) proposed the use of a GOX/ 
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hemlcenulase association as a substitute of potassium bromate. 
They reported that die addition of both enzymes increased bread 
volume. Vemulapalli et al. {J5 t 16) compared the use of 
chemical oxidants such as calcium peroxide or potassium 
bromate with GOX in bread making and found that doughs 
where GOX is added are strong and dry. Miller and Hoseney 
{17) reported similar results. Ameflte et al. (7$) also suggested 
an activation of endogenous peroxidase (POD) (EC }J 1.1.7) 
by GOX addition in dough. An oxidative gelation of water- 
soluble pentosans catalyzed by POD, and causing a limitation 
in water mobility could explain these effects.. The ability of 
POD, in the presence of hydrogen peroxide* to promote gelation 
of pentosans (via ferulic acid) is well documented {19—23). 
Figueroa-Espinoza and Rouau {24) and later Figueroa-Espinoza 
et a). (25) confirmed that the cross-linking of pentosans by a 
fungal laccase, a horseradish peroxidase (HRP), or manganese 
peroxidase takes place through the coupling of rheir esterifled 
ferulic acid. In a previous communication, we described the 
oxidation of ferulic acid and 5-0-(rrc27iJ-'feruloyl>-L-arabJnose 
by a wheat germ POD (26) It was shown that ferulic acid dimers 
con be formed cnzymaiicelly and assumed that the enzyme con 
use the ferulic acid esterified to arabinoxylans as substrate, 
leading to the formation of a gel. These results are consistent 
with Those of Figueroa-Espinoza et al. (25). 

HOX, unlike GOX can use several monosaccharides and 
oligosaccharides as substrates and it catalyses the conversion 
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GOX-POD Association 

of the haters into corresponding lactones with the forrnStion of 
hydrogen peroxide Poulsen and Bafc Hosnup (5) compa.ed ^he 
S of HOX and GOX in dough and bread They showed 
AoThoX caused doogh strength and increased bread volume 
more efficiently than GOX in the same dosage. 

The effect of GOX on sulfbydryl (SH) groups has^ also been 

was ^firmed that GOX is able lo "g^""^* 
Kieffer et al. (27) reported that me addmon of HRP. H 2 Oj, and 
Sol improved me geological properties ofwhe^dougK 
^Tcffect was attributed to (he oxidation of protem^ound 
ISeSTo ^tine The Edition of soya POD had the same 
eftoKS. 29) Ubateial. (50) investigated the effect of tease 
Site Vcindioon on wheat flour doughs and showed 
tot the addition of both compounds caused an ^ e ' n *» 
OXldaUon of SH groups and the rate of pro«.n depolymenaaton 
duS mixing. Aconpling reaction 
OacSe) generated ferutoyl radicals and thiol radicals genemed 
through ^ mechanical breakdown of mterchain dtsnlfide 
bounds could explain their findings 

GOX supplementation leads to changes in the structural 
properties of the dough affecting its consistency and enbancmg 
the bread volume (5. 9, }6, 31)- 

Addition of GOX or HOX may also modify the bdance 
between the different enzymatic systems present u dough. 
HyLgen peroxide production coald activate caiatae and 
p^iLc^ms end oxygen eonsun-pt on ^ reduce 
lipoxygenase activity. Rakotozafy et al (52) reported that the 
E lipoxygenase activity, usually observed dunng nuxrng. 
Educed when GOX is added. According to these authors, 
£e decrease in oxygen available could limit the l.poxvgentue 
actiS and therefore its catalytic cena.ura.ion dunng mnung. 

In this paper, the oxidation of ferolic acid by a GOX-POD 
Jo^iadonirby a HOX-POD association <hydmg« p«o»de 
enzymatically supplied) is investigated »^« d H 'J x t ^ 
of GOX and HOX in bread matong- GOX and HOX were 
toetictdly characterized, to define the <^~"*°™J£ 
die enzyme activity. The effect of altenng GOX^OD leteuve 
concennations was analyzed by spectrophotometry. A math- 
ematical model, which describes the release °r ™^on °f 
the different reactants in the medium, was developed and a 
comparison was made with the expmmental data 

HOX was partially characterized and the ab.hty of the HOX- 
POD system to oxidize ferulic acid was compared w.th the 
ability of the GOX-POD system to do so 
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Table 1 Apparent KirteUc Conslanl Values ol GOX tor \Oi] = 220 





pHSQ 


pHBfi 


PH6A 




576 


22 


16 




1020 


1130 


580 




177 


514 


353 




MATERIALS AND METHODS 

P^m Material. Industrial germ was provided by Us MouHns 
Srtta SSS^SS. *U and defatted by cold acetone 
according to Nicolas et al i33) 

Enzymes. Wheal germ POD was purified according to BDlaud « 
1 fiJf am t ,h* mntorcationic fraction was used for the study GOX 
1^£Z X 7£S«« n£r «s activity *a,760 
rt, e standard assay conditions HOX. extracted 
«d al»ae Chondiut crii/ms. was a gift from Danisco Ingredients 
Ea*>, in activity was » nkaVml. in the standard assay 

conditions L . 

Chemicals, Hydroeen peroxide 30* (v/v) /«- and o phosphoric 

from VWR (Paris. France) Ferulic acid (FA) was purchased from 
Sigma Chemical (Si Louis) 



Peroxidase Assay. The POD activity was determined as previously 
described (26), and the spectopholornetric data were converted into 
residual ferulic acid concentrations <tFAW»0 using me relationship 
formerly established (26) 

{FA}* + 18 10*** - ~ 1 W Abs .o ~ Abs ^ 

where fFA]*> and (Abs 0 - Abs,) represent the initial ferolic acid 
concentration \fM) and the decrease in absorbance value al 310 am 
durina the reaction time r, respectively. POD activity is expressed m 
nanokatals (nmol of FA consumed per second) In these assay 
conditions, the purified wheal germ POD used in mis study had an 
activity of 026 j/knt/mL and the slope of me absorbance decrease 
remained proportional to the enzyme amount until an activity of 10 
nkat in the reaction solution. 

Glucose Oxidase Assay, The GOX activity was determined po- 
larographically using glucose (220 rnM) dissolved in a 100 mM acetate 
buffer pH S 6 saturated by air at 30 *C according to Rakotozafy et aL 
(J2) Activity i» expressed in Mmofc&t&l* (nmol of oxygen consumed 

PCT H«we^Oxidase Assay. The HOX activity was determined polaro- 
eraphicany using glucose (50 mM) dissolved in a 100 mM acetate buffer 
solution oi P H S.6 wwroted with air ai 30 °C Activity i* expressed in 
nkat (nmol of oxygen consumed per second in the assay condiuons) 
GOX-POD Mixtures. Evolution of FA in GOX-POD mixtures was 
analyzed by IJY-specirophotometry (310 ran) according to Garcia et 
at (26) GOX solution used in these experiments was prepared at a 
concentration of 0 27 rog/mL. Wheat POD used in these experiments 
had a V*°° value of 5 4 j/kat/mL of enzymatic soludon (coixespond- 
in» to the 0.26 /ikat/mL determined in the standard assay conditions). 

°The composition of mixtures containing a fixed GOX amount was 
as follows: 67 pgof GOX (51 nkat). 90 fM FA, 50 mM O;**"^ 
10-100 /iL of POD (2 6-26 nkat). and 20 mM CaCfe in 100 mM 
ocetate buffer pH 5 6 (3 mL final volume). 

The composition of mixtures contaming a fixed POD amount was 
as follows: 25 of POD (6 5 nkat), 90a«M FA, 50 mM D-glucose, 
2 7-27 n G0X <2 05-205 nkat), and 20 mM CaCh in 100 mM 
acetate buffer pH 5 6 (3 mL final volume). 

The composition or mixtures for the analysts of the ascorbic acw 
efTect was as follows: 80 f£L of POD (21 nkat), 27 ft* of GOX (20.5 
nkat). 90/iM FA, 20 mM CaCli. 50 mM D-glucose. and 1 00 mM acetate 
buffer pH 5.6 containing from 0 to 500 ^M ascorbic acid (3 mL final 
volume). Evolution of FA m GOX-POD mixtures containing ascorbic 
acid was followed both by UV-spanrophotomcuy end ECD HPLC, 
according to Garcia ei al. (25). 

Comparison of GOX-POD and HOX-POD Mixtures. Evolution 
of FA in the mixtures was followed by spectrophotometry according 
to Gaisio et ol. (26). 1he composition of lb© mixtows is a« follows: 
■>$ iiL of POD (65 nkat), 90 fiM FA, r>glucose (from 2 to 50 mM), 
and 0 42 to 2.6 nkat of GOX or HOX in 100 mM acetate buffer pH 
5 6 (3 mL final volume). 



RESULTS AND DISCUSSION 

Glucose Oxidase Characterization. The effect of glucose 
concentration on ihe enzyme activity was determined at three 
different pHs, al one oxygen concentration (220 ^M). The 
enzyme affinity toward glucose increases with pH. Conversely, 
values decrease when pH increases (Table 1). The best 
efficiency (V^/C^) of the enzyme was found at P H 5 6 
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SOX-POD Association 

of the toilers into co.respot.ding lactones with the formation of 
hydrogen peroxide. Poulsen and Bak Hostrup (5) compared the 
effects of ^OX and GOX in dough and bread Ttey showed 
tbatHOX caused dou E h e «ren 8 th.and increased bread volume 
more efficiently than GOX in the same dosage 

The effect of GOX on solfhydryl (SH) groups has also been 
investigated (5. IS) SH groups of gluten proton are oudocd 
rSfide bridges (S-S) when GOX is addrf, rcsuhmg « , . 
dough strengthening and a better gas retenuoo dunng farnenta- 
aon Oeading to bread with increased volume) Furthermore, it 
Z Lfirmed that GOX is able «o ^en^nousPOD^ 
Kieffer et al. (27) reported that the addition of HRP, HjO* ano 
SSol impmvedTe rheological properties of wheat d^ 
tw* effect was attributed to the oxidation of protein-bound 
IvtmVm cy^dne -m addition of soya POD had the same 
IS* 29). Labat et al . (30) invesdgated the effect of tease 
aKuc acid addition on wheat flour doughs and showed 
Lx the addition of both compounds caused an increase tn the 
oSm of SH group, and th. nue of protein M^f™ 
" . . v .„ n A rnuoVme reaction involving enzyraatically 

bounds could explain their findings. 

GOX supplementation leads to changes in the structural 
properties of the dough affecting its consistency and enhancing 
the bread volume (5. 9. .16, 3i). 

Addition of GOX or HOX may also modify the balance 
between the different enzymatic systems present in dougV 
Sen peroxide production could activate catalase^ and 
3* Vtcm. and oKygen consumption could reduce 
Oxygenase activity. Rakotozafy et al. (52) reported that the 
K Soxygenase 'activity, usuaUy observed durmg mixing, 
f^duid wb E en GOX is added. According to these authors, 
me defuse in oxygen avails could ^ '.po^en^ 
activity and therefore its catalytic denaturauon dunng fixing. 

In this paper, the oxidation of ferulic add by a GOX-POD 
aJocfadoZ by a HOX-POD ^f-^.^Xt 
enaymaticalty supplied) is investigated «o ^ a « d *"^ 
of GOX and HOX in bread making. GOX and HOX were 
SneticaUy characteH^ .define 

iSSTS ^*£3»-*T- A math- 
S model, which describes the release " gumption of 
^different reactan« in die medium, was developed and a 
comparison W « riinde with the experiment.! 1 data. 

HOX was partially characterized and the ab.l.ry of d« i HOX 
POD system to oxidize ferulic acid was compared with the 
ability of the GOX-POD system 10 do so. 
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pH56 


pH6.0 




576 
1020 
17 7 


22 
1130 
51.4 


16 
580 
353 



MATERIALS AND METHODS 

Want Material. Industrial genu ,* pmvided by Let ; Motto 
Souffte (Nogent-sur-Seine. France) and defatted by cold acetone 
according to Nicolas n al [3D 

Enzymes. W.e.1 gem. TOD was purified acconhng aol B tod ex 

conditions . . rtr : n 

Chemicals. Hydrogen peroxide 3D* tv/v, and ^ 
,<-Hs D-Elucose calcium chloride, and ascorbic acid were purchaseo 

France) Fennie acid (FA) was purchased from 
Sigma Chemical (St Louis) 



Peroxldase Assay- The POD activity was determined as previously 
described (2<5). *e speciophoiometric data were convened into 
residual ferulic acid concentrations ([FA]„ Waa i) using die relationship 
formerly established (26*) 

[FA^^O-M)* 5 

[FA]* + 13 7(AbSrf> - Abs,f - t MM** - Ads) 

where [FAlio and (Ahs* - AbsO represent the initial fndfe *cM 
concentration (/*M) and the decrease in absorbance value at 310 run 
during the reaction time f. respectively. POD activity » ex^edin 
nanokatals (nmol of FA consumed per second) to ^f^ 3 **' 
conditions, the purified wheat gem POD used in this study had an 
activity of 0 26 ftkat/mL and the slope of the absorbance 6**?* 
remained proportional to Or enzyme amount until an activity of 10 
nkat in the reaction solution 

Glucose Oxidase Assay. The GOX activity was determined po~ 
larographicany using glucose (220 mM) dissolved in a 100 mM acetate 
buffer Th 5 6 saturated by air at 30 °C according to Rakotozafy et aL 
{ST* Activity i» <wpn»«d In nanokatals (nrnol of oxygen consumed 

^He^foxidnse Assay. The HOX activity was determined polaro- 
sraphically using glucose (50 mM) dissolved in a 100 mM acetate baner 
solution at P « 5 6 rwu^ted with air al30°C Activity is expressed in 
nkat (nmol of oxygen consumed per second in the assay conditions) . 

GOX-POD Mixtures. Evolution of FA in OOX-POD mixtures was 
analyzed by \JV-spectrophommctry (310 run) according to Garcia et 
vA 126) CiOX solution used in these experiments was prepared at a 
conceniraiion of 0 27 mg/mL Wheat POD used in these experiments 
had a V"* value of 5 A /.kat/mL of enzymatic' solution («nrrespona> 
ing to the 026 /akatmnL determined in the standard assay conditions). 

The composition of mixtures containing a fixed GOX amount was 
as follows: 6 7 /ig of GOX (5 .1 nkat), 90 fM FA, 50 mM ^">"; 
10-100 jiL of POD (2.6-26 nkat), and 20 mM CaCh m 100 mM 
Declare buffer pH 5 6 (3 mL final volume) 

The composition of mixtures containing a fixed POD amount was 
as follows: 25 of POD (6.5 nkat), 90 /iM FA, 50 mM «1«ose. 
2 7-2? A*g GOX (2.05-205 nkat). and 20 mM Cadi in 100 mM 
acetate buffer pH 5 6 (3 mL final volume). ^ 

The coinposition of mixtures for the analysis of the ascorbic acw 
eflect was as lollows: B0 pCL of POD Ul nkar). 27 fig of GOX (20 5 
nkat). 90 ftM PA, 20 mM CaCh, 50 mM D-glucose, and 100 mM acetate 
buffer pH 5 6 containing from 0 to 500 ^M ascorbic acid (3 mL final 
volume) Evolution of FA in GOX-POD mixtures containing ascorbic 
odd was followed budi by UV-spccuophotomctry and ECD-HPLC, 
according to Garcia et al. (25) 

Comparison oT GOX-POD and HOX-POD Mixtures. Evcduuon 
of FA in the mixtures was followed by spectrophotometry according 
to Gareio « n! (26) The compofiltion of ihe mixtures is as 
25 uL of POD (6.5 nkat), 90 /jM FA, o-glocose (from 2 to 50 rnM), 
and 0.42 to 2 6 nkat of GOX or HOX in 100 mM acetate buffer pH 
5 6 (3 mL final volume) 

RESULTS AND DISCUSSION 

Glucose Oxidase Characterization. The effect of glucose 
concentration on the emyme activity was determined at three 
differeni pHs ? at one oxygen concentration (220 /iM). The 
enzyme affinity toward glucose increases with pH. Conversely, 
V^ic va,ues decrcase wlren P H inCrea5CS (Table 1). The best 
cfHcicncy (V^/^) of the enzyme was found at pH 5.6 
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Consequently, experiments were carried out at this pH, hereafter. 
As glucose concentration in dough is around 4 mM (35) and 
dougfc P H is between 5 and 6.2 (i2). h can be adduced that the 
conditions in dough (regarding the reducing substrate concentra- 
tion) are not optimal for GOX activity. 

Then, the effect of oxygen concentration on die GOX activity 
was determined. GOX kinetico ore Michaelion type with a ping- 
pong mechanism in agreement with Whi taker (/2), so the 
velocity of the reaction is 



[0,1[C] 



ro 



0) 



where [OJ — oxygen coneenlraiinn, [G] = glucose concentra- 
tion, v£°* =* maximal velocity. J^ x = Michaelian constant 
toward W oxygen l and » Michaelian constant toward 
glucose, 

For a constant oxygen concentration, "apparent" kinetic 
constants V£?£c and a» 



-HIR) 
Mf *■)) 



(3) 



Values previously determined are apparent kinetic constants 
for an oxygen concentration of 220 filA (Table 1). 

Lftewise, for a constant glucose concentration, apparent 
kinetic constants and are 



«C0X - ( ^30X 



[G] 



+ 1 



)) 



(4) 



(5) 



These values were determined by polarography for high 
glucose concentration. As the stoichrometry of the reaction is 
one mole of oxygen Tor one mole of glucose, the maximal 
consumption of glucose is 220 /*M in an air-saturated solution 
at 30 °C For high initial glucose concentrations (eg., 50 mM 
in our experiments) this consumption is negligible. Therefore, 
the equation governing the rate of the reaction is only dependent 
on oxygen concentration variation 

To determine ihe viducs of apparent kinetic constants, oxygen 
consumption was analyzed at two enzyme concentrations (78 
and 156 fig/wL) (Figure 1). The Initial rates oHhe reaction 
were determined and apparent A^Lq ^ d W*> 
values (Table 2) were 0.20 £ 0 01 mM and 1.41 ±0 .02 /deal/ 
mg respectively. 

* Using results reported in Tables 1 and 2, the K m (using eqs 
3 And 5) and the v£°* (using eqs 2 and j) values toward 
glucose and oxygen can be calculated The value is 0 48 
mM (Table 3), which is close to those found by Gibson et al. 
(13) and Vanstroebizen et a! (J<5>, namely 0.6 and 0.8 mM. 

The <q X v «i« c "* 70 mM 0T)d ^ " 3 5 * 0J ^ kDt/m S 
(Table 3). 
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Figure 1 Oxygen consumption by two GOX solutions: 78 /ig/rnL (•) 
and 158 ^g/ml (O), flghicosel « SO mM, tola! volume ^ 1 ml, 20 /iL 
of-enzyme). 



< 2 > Table.2. O and Vg*o f or tglucosfij - 50 rnM andTwoGOX 





t*t=s<M56mgfaiL 
^ = 007Smg f mL 


0-19 1,43/ilcalftnn 


Table 3: Kinetic Constants oi GOX toward Glucose and Oxygen 






043 mM 70 mM 


3.6/tkat/m9 3.4/4at/mg 


Table 4: Apparent Kinetic Values of HOX tor [OJ = 220 fM 


pH5«0 PH5J6 


^HtM luKOX 


06 1 
24 34 
40 34 



As CaCU is an activator of wheat germ POP (25), it was 
added to the GOX— POD mixtures. The addition of CaOj from 
0 to 30~mM at pH 5.6 did not have any effect on the 
consumption of oxygen by GOX (results not shown). 

Hexose Oxidase Characterization. HOX exhibited a maxi- 
mum of activity at pll 5.6, and few differences were detected 
between pH 5.0 and 5.6 (results not shown). The effect of 
glucose concentration was analyzed at pH 5.0 and 5.6 at one 
oxygen concentration (220 /tM). Affinity toward glucose 
decreased with increasing pH, but conversely V^ ox values 
increased with pH (Table 4). The best efficiency was found at 
pH 5.0, and a loss of only 36% of this value was determinetl 
when pH was increased up to 5,6. According to these results, it 
can be assessed that conditions in dough are not far from 
optimum for HOX activity (regarding to the glucose concentra- 
tion). Moreover, HOX can use other sugars as substrates in 
dough (,5). 

The addition of calcium chloride (from 0 to 30 mM) at pH 
5.6 did not have any effect on the consumption of oxygen by 
HOX (not shown) 

Glucose Oxidase— Peroxidase Association. Assuming thai 
the endogenous glucose concentration in dough is approximately 
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4 mM (35), me oxidation of FA in GOX-POD systems was 
« * and 5 mM of glucose. Ht O, production * GOX 
was monitored by ECD-HPLC according to Garcia et a! (26) 
At either glucose concetwedon, aufficient H*C* was produced 
to activate POD and oxidize all the FA present m 600 (2 mM 
elucose) or 400 (5 mM glucose) seconds (data not shown). 
However for the purpose of the modeline, glucose concentration 
SsS mMVhave a negligible variation of the reducing 
substnte concentration during the course of the reacuon FA 
consumption was analyzed for different GOX/POD ratios. FA 
co„ S u4don was followed by UV-sp^ophotomeay and 
confirmed by ECD-HPLC, according to Garcia et a). (25). 

Incubations were made with FA (90 pM\ a Sxed POD 
amount (65 nkat) and increasing GOX amounts (Figure 2A . 

the reciprocal experiment was made (Figure 2B). all 
m e experiments, FA consumption rates mcreased with increased 
emymVconcemiauons and curves were all s.gmo^n.s* 
torn the fact that at the beginning of the reaction POD acrivtty 



is equal to zero by a lack of hydrogen peroxide and dum-B d» 
course of the reaction, the rate increases as GOX producesm^- 
At the end of the reaction, the rate decreases, because B» "i 
concentration becomes a limiting factor. Maximal rat* 
measured for each curve and values were plotted again? 
amount (Figure 3A) or POD amount (Figure 3B). In bo* 
a plateau was reached. For a constant POD cemcentraBW arm 
increasing amounts of GOX, the plateau value was lo** 
the control (same amount of POD in the presence 
500 nH HjOj). The oxygen content of the rnediun > ob^iy 
limited the production of H 2 0 : by GOX to 220 AM- f*™ 
same reason, when GOX concemrauon was constant, we fairs 
were always slower than the rates in the control. 
Mathematical Modeling or GOX-POD Association- 1" a 

first step, the equation describing the evolutions 

hydrogen peroxide relative to GOX activity was 

Oxygen consumption by GOX in a medium containing ■»> ™ 

alucose follows a Michaelian kinetic with one subs™*, in 



e 
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which oxygen is lirnitant (see above). The equation is 



jro^ifo-lQJM^yOW, 

! - df ^[oj^ + CSo 



(7) 



where y? 0 * is the GOX oxygen consumption rate at ome t. 

The oxygen content in the medium at time i (fob) can te 
calculated fiorn the oxygen content at dme r - 1 ((O^-i). u»ng 
the equation 



-dr = 



Garcia el el 

lisbed. POD kinetics are MichaeUan type with a ping-pong 
mechanism, and kinetic constants were previously determined 
(26) 



As the stoichiometry of the reaction is one mole of oxygen 
consumed for one mole of hydrogen peroxide formed, the 
hydrogen peroxide production is equivalent to oxygen consump- 
tion, so the H2OJ content In the medium at dme r is 

IHp,]-/ + if 0 ** (9) 



tFA], - [FA],-! 
dl 



In a second step, the equation describing we evolution of 
substrates (FA and HjO,) relative to POD activity was estab- 



where i^ 00 is the FA consumption rate by POD at dme f, and 
with JtrtFA = 1 5 mM. JC.nH.0, = 1-2 mM. and V^°= 5.4/tlcat/ 
mL. 

Ferullc add content at time t ((FA],) can be determined using 
contents at time / - 1 ({FA],_i and (HaChV-i) and according 
to the relationship 



[FA] f =tFAV,- 
V^d 



[HAlr-iPPAJi-i 



The stoichiometry is two motes FA for one mole H3O2 and 
it is assumed that there is no inhibition by any of the substrates. 
LDcewise, peroxidase-catalyzed consumption of H2O2 can be 
calculated using content at dme f - 1 (IHjChlr-i) * e 

equation 



[HjOjl^.lFA]^, 



= [HAJ., " < 12 > 

When both GOX and POD are in the medium, the UiOj 
concentration at time / can be calculated from the value of H2O2 
content at time / - 1 UH2O2L-1) and the sum of H2O1 produced 
by GOX (vf° x ) and H2O2 consumed by POD Oh *V ) 



The different equations (11-13) allow the calculation of 
oxygen, H1Q2, and FA concentrations during the course of the 
reaction. 

Comparison Between Model and Experimental Data* 
Equations 11-13 were used for the modeling of FA oxidation 
under different experimental conditions- 
Two sets of experiments were carried out. First, a Fixed GOX 
amount (6.7 jig) was associated with increasing POD amounts 
(10-100 fiU- Then, a fixed POD amount (25 yL) was 
associated with increasing GOX amounts (2.7—27 //g). 

For each experiment, V m values for GOX and POD needed 
to be calculated. 

In the case of GOX, values needed for the calculation of 

(in j/kat for / liter of reaction solution) wcre *!££q« 
(in ^kat for J mg of enzyme powder) (both in Table 2), 
the enzyme amount (in pg) and the glucose concentration (50 
mM) 



GOX -POD Association 

Table 5. POO awl GOX Amounts and Corresponding V. Values Used 
for ModeTaig the GOX-POD Asscdafeffl 
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the Same 





Table 7. Tuns Necessary to Cortcume 45 uU ol FA M tor Each 
GOX-POD or HDX-POD Association al Dfflerera Glucose 
Concentrate 



In Che case of POD, values needed for the calculation of 
V^{in/*atforJ Uter of reckon solution) 
of enzyme used (in pL) On fl* for ^ ^ 

sovran). Kinetic constants previously detemnned forPOD (25) 

were used: K^~\5 rnM. ^o,- U mM. 

Calculated values of and 
are recorded Table 5. . _ • v 

The molding of FA oxidation for each GOX-POD ac- 
tion was compared wilh the experimental data (Figure 2, parts 
AotIb) Agood correlation w« foond for nil fte ««=^OtU 
rtf average values are 0.992), but some gaps appear at the end 
of the region- An inhibition due to an excess of one of the 
substrates when the other one is at tow co^entrauon (as >t often 
happens for peroxidase) may be responrfbk for «hte anomaly. 
andWs has not been integral in the mamematkal model. 
Another possibility may be that stoicb.ometry 
due to the oxidation of other substrates (e.g. 
POD during the course of the reacuon {37). Finally, as mn 
system is not totally hermetic, external oxygen su pphes mgress. 
Specially for high OOX amounts or for <® » * 
Under these conditions calculated corves under^uma« FA 
consumption because H,0 3 production by OOX wasunde^ 
estimated. In effect, with Mtemal supplies, oxygen concentration 
mttable could be more important than the concentrate used 

f ° Ntventeless. the modeling of FA evolution ^ possWe 
(using equations 1 1,-13) in a GOX-POD system, at least m 

the experimental field studied. 

Ascorbic Add Effect on GOX-POD Af^»*»\ The 
effect of ascorbic acid (AA) was detenmned by V^Sftem- 
photometry and ECD-HFLC. This compound delays the oxide- 
rion of FA and HP1X data conr,rm that dunng die lag petted, 
AA and H^: are the only species consumed (no. ibow^Wben 
al, AA is consumed. FA consumpuon begtns ™« can 
beexolained by a coupled oxidation mechanism, as p^jy 
dSed in the case of FA oxidation by the system wheat POD/ 
So? aa AA is rapidly oxidized into dehydmascorblc acid 
g* phlnoTy reproduced by POD in the presence of 
HO* ieadins to an immediate regeneranon or FA- 

TO* reeu r. ha« a consequence in baking ledjnology . It s 
wnemily accepted that the improving effect of GOX « due to 
fte H*L produced, which can then be used by POD togei 
pentosans. It seems thai the use of formulations contamtng both 
£a and OOX is no. judicious, as AA will delay the effect of 

P °H e xose-Oxidase-Perotdbse Association. Comparison mth 
GOX-POD Association To compare the activation of POD 
bv the HiOi ptoduced by OOX or HOX <hc .mounts of each 
enzyme necessarv .o obtain the three initial oxygen consumpuon 
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velocities (2.6, 1 5, and 0 42 nkat) were determined for W 
glucose concentrations, namely 2, 5, and 50 rnM ^ abIe * 
A decrease in glucose concentration and the initial loxjp 
uptake velocity has differem effects on HOX and GOX: 
amounts need to be increased, whereas HOX volumes neea» 
decreased. This can be easily explained by the kineuccons^ 
of each enzyme; HOX has ranch more affinity toward glut** 
than GOX has (Table i and Table 4). 

A set of experiments were then carried out to corn? 3 * " 
GOX-POD and the HOX-POD associations. Several arru^ 
of OOX or HOX were associated with a fixed amount of F> 
(65 nkat), and the oxidation of ferulic acid was ^ loWc v; 
the absorbance decrease at 310 nm. Table 7 shows thej** 
(Imj) necessary to consume half of the initial amount d ™ 
present in the mixtures (45 j*M, equivalent to a decrease^ 
absorbance units at 310 nm) for difTerent glucose concentr^ 

The t ta were always shorter for HOX than 
indicating that HOX was the most efficient one- A deCTC ^ 
glucose concentration from 50 to 2 mM had much mort^ 
on GOX than on HOX activity (comparison of lines I • 
Table 7): Un were lengthened 4 times for GOX-POD ac- 
tion versus 1 1 times for HOX-POD association. ™ »™ 
easily be explained by the faci that the H 2 0 2 product^ > ™* 
was decreased 9 times for GOX. whereas it was only 1 5 
lower for HOX. Again, this effect can be attributed » raB 
differences in affinity toward glucose for the two en2 ^T 

Finally, experiments were conducted with the same fi* • 
concentration (2 or 5 mM) but with adapted amounts of 
and HOX to obtain in both cases the same H a O. protfU" on 
rate (lines 4 ai.d 5. Tabic 7). HOX wa* still more efUC»eni 
compared to GOX as t m values were always lower in tt» case 
of HOX-POD association, „ ov 
A comparison of the oxvaen. »ptake by 8n V~* 
showed thai if thc'initial rite is equivalent roi V^^-T a « 
ihe oxygen consumption siowed more rapidly with ^ ™ n 
with HOX (Figure 4) This phenomenon is " 
inhibition oy hydrogen peroxide since both errrymeju^^re 
not affected by Hj0 2 in the concentration range 
(not shown); therefore, it can be assumed that rhe aft ™ 
oxygen is higher. ilOX than GOX m 
~ 'rlolictusioiifl.' Wheal peroxidase m association 7/1,11 ZC™ 
HOX is able to oxidize FA The hydrogen peroxide pcoouceo 
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Figure 4. Comparison of the oxygen consumption by 2.8 nkat of 60X 
(•) or HOX (O), ([glucose] = 50mM). 

by GOX or HOX can activate POD (even for low glucose 
concentrations). Accordingly* part of die effect of GOX in bread 
making can be attributed to endogenous POD activation as 
suggested by VeraulapaUi et aL (J6) and Ameilie et at (75). 
Likewise, part of the effect of HOX in bread making could be 
attributed to POD-catalyzed pentosans gelation as proposed by 
Poulsen and Bak Hostrup (5). 

. A mathematical model for the GOX-POD association in 
oxidizing FA is proposed, which describes the evolution of the 
different reactants (H2O2, FA, and oxygen) during the course 
of the reaction. A good correlation with experimental data 
validated the model for the experimental field studied, 

ABBREVIATIONS USED 

AA, ascorbic odd; ECD, electrochemical detector, FA, ferulic 
acid; GOX* glucose oxidase; HOX, hexose oxidase; HRP, 
horseradish peroxidase; POD, peroxidase; SH, sulfydryl group; 
S-S, disulfide bridges 
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•^5.1 INTRODUCTION 



« w™, is one of the three oldest biotechnoloey indus- 

With the development of avihzed 
^Jfi a very sophisticated and diverse activity. As a 
"j^taSS 3 Almost all communities the produc- 
^ „ br«d iV iasdfebly subject to thorough t regula- 
tion of breaa is ju*u* 7 i different 

non in ^'S^Sy tet hScSes are in place to 

^ wholesome food at prices that 
^ J £ wirfdn the reach of virtually all citizens. 
^ bt^onoffi^al enzymes from the eaj 
amtitry allowed the baling industry to «- 
pa, of this century mi de wheat that 

£JffiX -bK^ conditions, vanet- 
SA' --Id g^owin £ consum^ocahty, 

irfKSri i^ToduM'very'small re- 
'7- ^'J'^oAer starch sources. For yeast-raised 
63 proSuS these non-wheat -eals ^ frequently 
demented with some wheat flour, with the possible 

^°^eTwill concentrate on the aspects of bak- 
ina^odtcdon that are influenced by added enzynK. 

cussion will focus on the production ot treaa it 
wheat. 

2.5.2 THE MAIN DOUGH PRODUC- 
TION PROCESSES 

While there are many speciality P"^^ 0 ^ 
craft baking, there are four mam ftocNM m use tor 
Hnstkal sc^e ptoducdon of bread. EaAdi^rsmAe 
way the dough is prepared prior to bakm* The 
step is influential on the final ^^^^1 
influenced bv the temperatures, humidity, ana urn 
mploytllt is in the Sough s«ges tb * many of th 
factors affecting the use and selection of enzymes 

"Co'tideible effort is exerted by industrial bakeries 
to achieve £ rapid and efficient a process as ; posaWe 
whik they try to deliver consistent and desirable prod- 
nets. 



doueh This is allowed to ferment for an extended 
Jeriod of up £ 4 h. The remainder of the , flour ^dany 
S reqtrfrea is now added and the mbc allowed a short 
£3 Zi fermentation followed by cumng .and shap- 
Sg^The pieces are proofed. The total nme for this ptoc- 
ess will be 6-7 h* 



2.5.2.2 Straight dough 

All the ineredicnts are mixed together to form a dough 
Ais Tf erm^ted for up to 3 h. fcoofi»c« 
Sd taping and reproofing takes the 
5-6 h This can be shortened by about 1 h if the nu»ng 
dme U^ded and moving directly to proofing with- 
out a fermentation hold. 



Ui3 continuous dough production 

Flour is continuously added to a prefermented liquid 
Ssting of all the water with the yeast, salt, and ad- 
dX ind mixed to form a dough. Proofing, cutting, 
S^nSmes re-proofing will give a total time of 

4-5 h. 



a 

2.5.2.4 Chorteywood process 



2.5.2.1 Sponge and dough 

Part of the flour is mixed with the yeast and any addi- 
tives and 1 enzymes and blended with water to produce a 



This process is operated either as a batch or conunuous 
places the fermentation time by - -gorous nux- 
£g of the dough in the presence of oxidants (e.g. po 

^Cu^Sing and proofing make the total time 
ber2e« "l and 5?L The activated dough process is a 
Son of Ae Chorleywood process with die addmon 
Cysteine hydrochloride to accelerate the freaking 

of dkulphide bonds in the protein matrix. This allows 

a further reduction in process time. 

2 5.3 THE ACTION OF ADDITIVES 
AND PROCESSING AIDS 

Fun E al amylases and sometimes bacterial amylases, 
nrotlmaseTand enzyme active soya flour are weU estab- 
fbhtXtnbuto^o the baking performance. Recent 
advanc^b our understanding of the dough-fornung , and 
ove^lT baking processes at the molecular level have 
KedStion on further improvement, Aat can be 
achieved by the application of more specifically tailored 
Smes to modify components of the flour that are 
neither starch nor protein. 



Chapter 2.5: Baking 



A variety of chemicals are also used to establish speed, 
economy and quality in the industrial process. These 
will not be discussed in detail in this chapter, but re- 
ferred to as their relevance to an enzyme concept oc- 
curs. 

A worldwide pressure from the consumers has pressed 
the baking industry to remove the chemical load from 
its products. While most of this pressure is based on a 
general desire to have less chemicals in our diets,*regu- 
latory views based on investigations have begurt to im- 
pact on some of them. 

In Europe it is now general that potassium bromate 
is prohibited in bread. This ban is extending to other 
countries, and while not actually banned in the USA 
there is a request from the Food and Drug Administra- 
tion (FDA) to reduce its use as much as possible. Many 
IK bakers have in fact removed it from their formulas. 
In the biscuit industry there has been a long-standing 
use of sulphur dioxide to reduce the elasticity of glu- 
ten. This is now generally banned and may be substi- 
tuted by the suitable use of proteinases (Section 2.5.6). 
The use of other chemical compounds continues but 
under close scrutiny: azodicarbonamide, ascorbic add, 
chemically produced mono- and diglycerides, and the 
Data esters (e.g. stearoyl lactylate, di acetyl tartaric 
esters of monoglycerides), benzoyl peroxide, chlorine 
dioxide, ammonium and potassium persulphate, 
monocalcium phosphate, calcium or sodium propionate. 
The permitted levels of these chemicals all fall in the 
parts per million (ppmj range. Soya flour is also added 
to many recipes. The amount is not subject to regula- 
tion, but it is typically no more than a few percentage 
points, as substantial additions would dramatically al- 
ter the bread character. The reasons for adding these 
various compounds relate to the theories describing 
dough development and baking. 

The general requirement is that a dough should be 
acceptable for handling, including fast mechanical sys- 
tems, and be able to initiate and sustain a gas produc- 
tion that will raise the volume while retaining a good 
structure, and not collapse or otherwise degrade when 
baked, or at some time after baking. There are also the 
requirements of taste and texture, crumb and crust col- 
our, and the overall keeping properties to consider. It is 
well recognized that the starch component of the flour 
is the source of the sugars for the fermentation, and 
this may be supplemented with small amounts of added 
sugars. The creation of carbon dioxide is only impor- 
tant in the proof stage and its retention is critical to the 
bread quality. It is also considered that yeast activity 
contributes to. flavour, although crust formation is prob- 
ably more significant. 

Starch modification will be discussed later (see also 
Section 2.5.4) 



2.5.3.1 Protein oxidation 

Most of the opinions about dough development are di- 
rected at the behaviour of the very particular proteins | 
of wheat. Typically the wheat flour will have 10 .5-13 | 
per cent protein content. This protein is comprised of \ 
large and small molecular sized types. The small pro- 
teins (albumins and globulins) are water soluble. The 
large proteins (gliadins and glutenins) are insoluble. 
Exactly what happens to the large proteins when water 
is added to the flour is very much a matter for discov- \ 
ery and there are at least as many opinions on the ac- 
tion of the various additives as there are centres of ex- 
cellence studying the subject. What is certain is that the 
spatial structure of these proteins as they are hydrated 
by water is subject to change. There are several bond 
types that establish this arrangement and the strongest 
is the disuiphide bond between sulphydryl groups of 
different cysteine molecules in different regions of the 
same protein strand or in different strands. 

Under hydration and mixing forces, distortion and 
flexing of the proteins may occur. The creation of new 
disuiphide bondings and the breaking of others alters 
the overall structural relationships. It is most often stated 
that the result in a dough is the reduction in the number 
of bonds between regions of a single protein strand, 
and an increase in bonding between different strands. 
This new network of protein will be the basis of the 
gas-tight seal that forms the small micelles that expand 
as carbon dioxide is generated by the yeast. These 'pro- 
tein membranes* must be able to expand without burst- 
ing, and to set firm in the oven to form the texture and 
structure of the bread. It is believed that the most im- 
portant new bonds for gas retention are those between 
the large insoluble proteins. The traditional and slow 
process of doughs generally created a suitable internal 
structure; however, modern high-speed mixing opera- 
tions do not produce satisfactory results. The introduc- 
tion of oxidizing substances is based on the expectation 
that the soluble small proteins will be subject to rapid 
oxidation to form interactive bonds and so eliminate 
them from the apparent competition for new bond for- 
mation. There will thus be a promotion of interactive 
bonding between the larger protein strands. There are 
four chemicals that have been used to provide an en- 
couraging environment to promote this shift of bond- 
ing: ascorbic acid, azodicarbonamide, potassium 
bromate, and L-cysteine. 



2.5.3.2 Emulsffiers 

The usual function attributed to these substances is that 
they combine with the flour proteins and strengthen 
them so that they can expand and retain the generated 
gas. This is particularly claimed for the Datern esters. 
The use of monoglycerides is largely for the increased 
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shelf-Ufe they impart. This J* possibly by some interac- 
tion between fats and starch. 

25.3.3 Soya flour 

Provided it has not been subjected to heat, soya flour 
SSutcs a bleaching effect and also an oadanve * 
STiLa these effects are produced by the enzyme 
f^eenas* It uSs atmospheric oxygen to oxidize 
^Sra"ed fats (e.g. linoleic acid) to form lipid 
Th« «dlze the coloured components , o 

XtTto^xiS^ on thefmall soluble pro- 
SSlfAe florin similar fashion to the .chenucdoxr- 
Ss. In addition it is proposed the Upm per ox^es 
-u* oKU to reach areas of gluten that are nyaro 
p^and^arf^^cbe^ 

T^ot^^o^T^ broadens the mlet- 
^ge fSrSdng compared with chemicd o^m* 
so reduces the sensitivity to J^* m J* 
Zl Considerable work is oirrentlym hand .to develop 
sources of lipoxygenase that can be ^used m ^s way 
without the requiremenr to ddute me wheat 
S« ^.tiries of soya flour. Havmg established &e 
^obabTmnction of the chemicals 
ins the various enzymes avadable and * e " ( C j mtnD 
rions to the overall objectives wall be discussed. 



The amylases also art in the dough stage, particu- 
larly on damaged starch granules. 



2.5.4 AMYLASES 



25.4.1 Amylase action 

Cereal beta-amylase yields maltose from 
nannies. This is slowly fermented and ^^J*/" 
mented after the yeast has been educed ^ gbco« 
molecules. Flours with low natural alpba-amyUse ac 
drity to generate glucose will have a poor Omenta 
tion character. This can be corrected by ^ ^toon of 
another amylase, glucoamylase, or dirert add.non ot 
ducose. Both of these have the potential jo adverse^ 
Ethe dough and the finished product. It is usual to 
SatheTSe to speciality P~duc« suchas rusk^ 
Rve flours are more susceptible to amylase att^ktttan 
wheal flours and their action is often stimulated by pre- 
paring the dough with hot water. , . 

Aloha-amyiase action produces glucose and dexmns. 
Thf doughlaxacter is altered by the hydrolysis of darn- 
ed starch granules which are rapidly and readily 
gSLSb i generally rhought that die dexmru .pro- 
duced by amylase action play a part inthe overall 
hydration of the dough, and to a small extent mcrease 
£e shelf-life of die final product. They may abo con- 
fute to texture and mouthfeel m the final product 
The overall pattern of amylase activity during thebak- 
ine staee depends on the proportions of the different 
^eforaSy^e involved^! their respective deacn- 
™rion temperatures. The fungal amylases are the 
P fedominan P t choice for baking supp 
bacterial amylases are sometimes considered, ine Dac 
terial type will be dealt with first. 



In order that yeast may generate carbon di » "** 
fV, e doueh it requires a supply of fermentable sugar, 
fere ha Untie fermentable sugar, mostly maltose m 
t a fl^ir It rarelv exceeds 0.5 per cent and this is 
tasuffidentf ^^b3m^ng.Whea?flourcontai«both 
KS bera^aaylases which can activate the dough 
To orX* more fermentable sugars. These may be un- 
baWd and also overactive in some cases fem 
of high humidity prior to gram harvest thereat has 
l are e^mounts of alpha-amylase and its use leads to poor 
InTstich dough character and also sticky crumb with 
S Sur TnVhe bread. Ongermjnated^ the wheat has 
3e amounts of beta-amylase and low 
3ase The result is inadequate amounts of fcrmentables. 
Srefore quite usual to supplement the flour by add- 

on damaged starch 
granules aid these may be produced m excess if the 
Sg is not well regulated. Hard wheats-wiH ^end to 
risk damage more than soft wheats. Early m *e baking 
stage whole starch granules are modified and become 
easily attacked by alpha-amylase. 



2.5.4.2 Bacterial amylases 

Initially tried as replacements for expensive and rather 
3 malt extrart sources of additional amylase, the 
^aerial amylases were found ro have too great a beat 
tolerance for most conventional bread making. ■ As they 
were not inactivated until very late in the bakm stage 
they tended to be overactive, and this gives nse to con 
riderable problems in ensuring very precise dose con 
"ok These enzymes, from Bacillus subul* and more 
Sntly from bLuIus lickeniformis, were dejriopedu 
powerful starch hydrolysing enzymes for the starch/ 
mup and textiles industries. The usual commercial 
Sets are liquids which are not suited to use in bak- 
K, and the powder versions are generally of such bgh 
Privity that a controlled prediction is essentia^ o con- 
trol the dose into a dough formuhnon. E^en small Jev 
2 of overdosage can create sticky doughs ^d ^a poor 
final texture. The bacterial amyUses are far lower in 
price than fungal amylases, and they are very fast art 
tag. These are potential benefits for the baker, but the 
control problem outweighs the benefit The most com- 
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mon current use in baking is to create a soft, sweet 
and sticky final product such as honey cake and 'malt 
loaf. 

In the search for increased shelf-life without re- 
course to high levels of chemical additives there have 
been recent promotions of new and carefully selected 
bacterial amylases. By selecting away from the starch 
liquefying strains, and concentrating on the 
raaltogenic properties, these new types are thought 
to function by either reducing the tendency of starch 
to crystallize (retrogradation) on cooling, or to actu- 
ally hydrolyse the retrograded starch granules pref- 
erentially. The actual result is a longer lasting good 
taste and texture and an extended period of retained 
loaf spring. These characteristics impart a general 
acceptance of quality after longer storage times. 

The Catamyi range (Biocatalysts) are selected 
blends of conventionally produced amylases, while 
Novamyl {Novo Nordisk) is from a genetically modi- 
fied strain of Bacillus subtilis. In practice, these prod- 
ucts demonstrate that they do not suffer from prob- 
lems of precise dosing, and overdosing is virtually 
impossible. Typical economic use rates fall between 
60 and 120 ppm based on the total flour. The length 
of the extension to shelf- life is not easily predicted 
as it is affected by many factors in the overall dough 
formulation, the processing method and the baking 
conditions. It may be assumed that at least 2 days 
extra shelf-life is required for a cost effective use of 
these enzymes. 



2.5.4.3 Thermal inactivation of amylases 

The inactivation temperatures of amylases may be 
given by suppliers and are based on laboratory tests. 
These may not be the actual inactivation tempera- 
tures within a baking operation. Although not abso- 
lutely accurate, the following values for the inactiva- 
tion temperatures in typical baking situations may be 
used to interpret the effects of cereal and added 
amylases. Starch gelatinization is going to start at 
approximately 58 °C (Table 2.5.1). 

The thermal inactivation is not linear and ap proxi- 
mately half the activity is gone by the time the tem- 
perature reaches about one-third of the ranges given. 



2.5.4.4 Fungal alpha-amylase 

It is conventionally accepted that small quantities of 
fungal alpha-amylase are added to baking flours and 
this is usually carried out at the flour mill. The most 
common unit of activity for commercial fungal al- 
pha-amylases is the SKB unit, and typically baking 
flours are supplemented with between 5 and 15 SKB 
units of amylase per 100 kg flour. A more historic 
unit, the Farrand unit, is still used. The relationship 
between the two units cannot be declared with preci- 
sion as the assays are not quite identical. As there are 
so very many different supply sources of this type of 
enzyme, there can also be differences in the relative 
activities by the two methods because of small varia- 
tions in the way the different amylases break down 
the starch. It is often necessary to adopt a value for 
relating these two units because most fungal amylases 
will be sold on the SKB unit basis. Anything between 
113 and 116 Farrand units to one SKB unit are found 
in use. There are other important criteria on which 
to base an alpha-amylase selection. These include an 
understanding of the contribution of enzyme side 
activities to the baking process. 

Many fungal alpha-amylase preparations are now 
offered at very high SKB activities. Many will be 
greater than 100 000 SKB per gram, whereas only a 
few years ago it was unlikely to be offered greater 
than 50 000 SKB per gram of enzyme preparation. It 
is important to recognize that to obtain very high 
activity the enzyme preparation will have been sub- 
jected to concentration purification or the fermenta- 
tion and the strain of fungus may have been manipu- 
lated to elevate the activity yield. 

When side activities prove to be important to the 
baker, these very high amylase activities can result in 
reduced overall levels of side activities or changed 
relative proportions between them. 

Typical examples of fungal alpha-amylases for bak- 
ing will be found in the Amylase IIP range 
(Biocatalysts). In cases where wheat has been subject 
to adverse conditions prior to harvest there may be 
excess alpha-amylase. This is usually adjusted by 
blending the flour with other flours with much lower 
amylase content. 



Table ZBA The regions of thermal Inactivalton of amylases under 
baking conditions . 



Amylase 



Temperature *C 



T 



Cereal beta-amyiase 
Fungal alpha-amylase 
Cereal aJpha-amylase 
Bacterial alpha-amylase 



55-75 
55-80 
70-55 
75-50+ 



Table 2*5.2 Key objectives of the industrial baking process 



Final and stable volume 
Dough consistency 
Mechanical handling 
Reduced energy input 
Production economy 
Conformity to regulations 



Crust colour and texture 
Texture and taste 
Shelf-life extension 
Reduction of process time 
Raw materials flexibility 
Customer satisfaction 
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2.5.5 ENZYMES OTHER THAN 
AMYLASES 

forces/The complex only 
influence one parnculai (±aracKnsocw»^ *ed. 

bTseen in the resul* ^J-J^E amylases 

Th* ,f\°^r a sSc Smical modification 
usuaUy be to make a spearic : w „ fce 

of some part of the "P^SSa as well. These. 
f I Un 4 " ±SS3SS^ SuSe They can also 
ffS^ -dp. baking test b 
wheT&ucing any new component or change 

sit-* 

to 250 ppm based on weight of flout. 

2.5.5.1 Enzymes acting on carbohydrates other 
than starch 



2je wUl also be offering declared, quanofied and 
Seized levels of these other enzymes Those *M 
doTo Tare likely to provide preparations of particular 

^HeSiSuKs a term used to describe the non- 
«SSohydMte polymers from a boramcal mater- 
SStlSSSble to water. Pentosans are cohered 
£ £ thTsimilar residues that are «K«*^ 

amounts of these in wheat flour. 



2.5.5.2 Cellulases 

TW is little ceUulose remaining in a well-prepared 
flour ^combination with the pentosans and 
taSbE. the total will be less than 6 per cent of 

^T&LSSrf the cellulases that are present as side 
• -Lt^f Lvkses wiU be to teduce the average size 
■SSB^SSS ceUulose is P^tasapure 
ot cenuiosc r"/ fraements of insoluble fib- 

polymer JjpwBy Merest W ffld he teroge- 

Action of ceUulose (glucose polymer) « exposed. 
2.5.5.3 Glucanases 



There are other smaller polymers of glucose, the glucans, 
3S « rapidly^ hydrate* and «nd u .form gek Th«e 
gels can contribute to dough stickiness an apo 
LchinabiUty. The presence of some a«g 
in the dough contributes to effective control or 

condition. 



Apart from a small contribution to the hydration of the 
Sh and possibly ^J^^J^^X 

£X Sfe *r -5 3K "hS 

been ^^ tha t there ^r e cereal jr^ ^ ^ 
flours. There « « » j 6 .„ ^ty and most of 

STvSkc, of o*.. «- » "™ kU ">""*• 
These will be: 



inese win 

• Carbohydrases (ceUulase, hemicellulase, pentosanase, 

• ProttinSs and peptidases and lipases. 

Tfc, election of a particular supply of fungal amylase 
The selection ««^ fale xUcdm and potency 

K^aWidoffeSmes and their presence may 



The polymers of the pentose sugars (mainly arabmo- 
galacLn and arabinoxylan) contribute up to A jxx cent 

S3irS of gnms and Irfdb- P^ 

lems If the gums are hydrated and combined ww w 

«Lrinn of the eas and reduce the potential tor gas ceu 
tention or trie gas --^/We unwanted larger 

breakdown and merging to produce unwantcu & 
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holes in the final bread If the balance between this gas 
retention benefit and the sticky dough penalty can be 
• created and maintained then the action of these enzymes 
can be of value. The insoluble hemicellulose fraction is 
inert except for a slow hydration. There are indications, 
however, that different types of hemicellulase 
(pentosanase) enzymes can bring into play some highly 
valuable attributes by altering the structure. There are 
long polymers of pentose sugars which are cross<on- 
nected by bonds between them, and have some side 
branches. Hemicellulases are found that will specifically 
break the bridging and branching bonds so releasing 
the individual linear polymers. These will then be able 
to move relative to each other and contribute to the 
expansion strength of gas cells and have the potential 
to reduce the use rate or replace chemical additives such 
as monoglycerides and some esters. 

There are also hemicellulases that will degrade the 
linear polymers by endo (random) or exo (from one 
end) action. The endo action will reduce the average 
polymer size and create a large number of smaller frag- 
ments with a substantial increase in hydration. This con- 
tributes very significantly to the texture and shelf-life 
of the product The exo action also reduces the poly- 
mer size but releases mono- and dipentose saccharides. 
At low activity this is a noticeable effect by reducing 
the energy required to work the dough. At high activ- 
ity, the result is a rapid increase in hydration and solu- 
bility and a very sticky dough is likely. In working with 
these concepts and to facilitate understanding of bak- 
ing test results, the author has adopted the designation: 

• Pentosanase I for the enzyme breaking cross-linkages 
and removing side branches. 

• Pentosanase II for the enzyme depolymerizing by 
endo action. 

• Pentosanase HI for the enzyme depolymerizing by 
exo action. 

Several enzyme companies offer hemicellulase/ 
pentosanase enzyme preparations. These are usually 
fungal products and of extremely high activity. Indi- 
vidually these enzymes find use in the bakery mainly as 
components of prepared 'bread improvers*. None of the 
commercial products of this type is single activity ma- 
terials, and most of them have at least two and many 
have all three of the component hemicellulase types in 
them. Each preparation will have a different ratio of 
the three types, and this will form the basis for a posi- 
tive choice after they have been used in test baking. 
Examples of preparations (ail from Biocatalysts) with 
strong levels of these three types of hemicellulase 
(pentosanase) are: 

• Depol 356 (rich in type I, providing improved vol- 
ume) 

• Depol 351 (rich in type II, providing volume and 
texture) 



* Depol 350 (rich in type in, providing volume and 

improved shelf-life). 
The presence of these enzymes in regular fungal amylase 
preparations contributes to the understanding of the 
variations of performance and the preferences shown 
by the baker. Thus it is demonstrated by real baking 
practice that the selected application of the non-starch 
carbohydrases has positive benefit to all the criteria listed 
in Table 2.5.2. Examples of products where the side 
activities contribute to tetter performance than amylase 
alone are: (1) for extended shelf-life: Depol 360 
(Biocatalysts); and (2) for extended shelf-life and im- 
proved texture: Depol 260 (Biocatalysts). 

When there are approvals for die use of hemicellulases 
in the baking industries around the world we shall see 
fungal amylase preparations having very precise additional 
activities created by positively blending small quantities 
of the separate enzymes into the base amylases. 

2.5.5.5 Processing for retarded or frozen doughs 

The preparation of doughs intended to be chilled and 
used in batches over a period of time (retarded) or deep 
frozen for later thawing and baking demandls special 
attention to the final texture and appearance of the 
products. Characteristically these products bake-out to 
a more dense structure and poorer texture than directly 
baked equivalents. 

Improvement to these characteristics can be obtained 
by selecting an enzyme rnixture that will reduce any 
risk of starch solubilization and subsequent retrograda- 
tion, that will improve the hydration stability of the 
dough, and support gas expansion after the period of 
chilling or freezing. 

The mechanisms by which certain enzyme prepara- 
tions do this are not defined. It is well established that 
some preparations can do this. Preparations in the Depol 
276 range (Biocatalysts) are examples of suitable for- 
mulations. 



2.5.6 PROTEINASES AND 
PEPTIDASES 

The very considerable differences in dough and final 
product characteristics that are presented by the range 
°l g00( k P roQ, uced in the world dearly require 

that the common raw materials be modified and pro- 
cessed differently. The selection of wheat variety to fo- 
cus on biscuit (cookie) or bread and buns production 
has a considerable part in this diversity. In addition, as 
has been presented above, the application of different 
enzymes can make significant differences to how the 
dough develops, is mechanically handled, and finally 
bakes out. The most important functional component 
of wheat flour is the protein. The functionality is largely 
attributed to the insoluble glutenins and gliadins, and 
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the most common discussion takes place around the 
^eral term 'wheat gluten'. As gluten hydrates m the 
lough mixing stage, it develops the changes in «s i cross- 
links and total spatial structures that provide the 
Unique viscoelastic properties that make wheat the main 
baking raw material. . 

These properties are clearly linked to changes in the 
character of the carbohydrates although die bochem- 
fcal detail of the interlinking effects remains to be de- 
termined. The effects of different proteinases can be 
Sed by tests and trial baking. There will be influ- 
xes from the hydrolytic preference of Macular 
enzyme for certain amino add pairs, the pH range or 
inactivity, and the thermal deactivation temperature 
within the baking programme. If the proteinase is an 
3o-enzyme witn I wide selection of bonds tto « w* 
attack, and is operating at its preferred pH, then there 
wUlbe a dramatic reduction in the size of the protein 
molecules, and the small peptide products will be more 
soluble. This extreme action would result in * complete 
loss of gluten viscoelasticity, and be of no useful benefit 
for baking. It could be brought under some control by 
selecting a very small dose and allowing a very short 
time for it to act before the baking temperature reached 
the deactivation value. The exo-proteinasc however 
active, will tend to reduce the polymer length relatively 
slowly, and so cause only modest changes to the func- 
tional properties of the hydrated gluten. 

Peptidases are observed to act either at the catboxy 
or the amino ends of amino acids. There are usually 
mixtures of both types in commercia peptidase pre- 
parations although the proportions will vary from pre- 
paration to preparation. It is also noted that there are 
both endo and exo-peptidases. 

2.5.6.1 Proteinase activity determination 

Historically developed methods of assay for proteinase 
activity remain very much the industry standards. For 
baking, the hydrolysis of haemoglobin and the meas- 
urement of products that are soluUe in strong 
trichloracetic acid (TCA) is the basic method. The ac- 
tion of an endo-protcinase may produce almost no in- 
crease in TCA solubles, yet it can have a very signifi- 
cant effect on dough character. Similarly, any proteinase 
that has the ability to vigorously solubihze haemoglobin 
does not necessarily do the same for gluten if its bond 
preferences are not present m gluten at a significant 
frequency. These principal variations mean that for any 
riven stated value of haemoglobin activity, there will 
be a very diverse range of effects from each enzyme 
preparation used, even at the identical haemoglobin unit 
concentration. 



2.5.6.2 Peptidase activity determination 



It is usual to find that peptidases are specified in units 
of cither amino or carboxy peptidase activity that refer 
to the hydrolysis of a specified synthetic peptide. The 
actual action in a dough cannot be predicted from this 
information. There will be changes in the rate of attack 
and access to the preferred bond pairs because the en- 
zyme is working on a complex natural substrate. The 
presence in wheat gluten of the preferred bond pap is 
also not usually established The decision to investigate 
the use of proteinases in a particular baking formula 
depends on good information that indicates there is a 
need to modify the protein. If the flour is to be used for 
biscuits (cookies) or wafers and waffles then a reduc- 
tion in elasticity in the dough is essential. The applica- 
tion of a bacterial proteinase is indicated Where there 
is a requirement to achieve good product without the 
use of sulphur dioxide, good results can be obtained 
using bacterial proteinases and even better overall re- 
sults may be obtained when a blend of bacterial and 
fungal proteinases together with hemiceUulase is used 
foz most bread production, there is little reason to 
introduce additional proteinase activity. If the gluten is 
a little strong, or there is a need for a very crisp and 
well-coloured crust and an improved flavour, then the 
addition of a carefully controlled dose of fungi 
proteinase with high peptidase content can be benefi- 
cial. The peptidase component is targeted at die sol- 
uble proteins of the flour so that small peptides ana 
amino adds shall be released. Examples of enzymes suit- 
able for increasing the relaxation of doughs and adding 
proof stability are Promod 357 and Promod 388 
{Biocatah/sts). 



2.5J PRACTICAL INTERPRETATION 
OF ENZYME PERFORMANCE 

The baking industry has adopted a series of extremely 
practical and well-interpreted gross tests to be per- 
formed directly on doughs. These are based on the 
use of mechanical means to apply stresses to the dough 
and to plot changes that occur so that they may be com- 
pared and interpreted Originally designed to evaluate 
the likely performance of wheat flours for different 
baking purposes, these methods have been adapted to 
assist in the interpretation of the effects of adding vari- 
ous substances including enzymes. When using these 
tests it is very important to ensure that all aspects or 
die dough composition are constant for a series of com- 
parative evaluations except the single parameter being 
evaluated. 
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Figure 2.5.1 The classical farinogram 



2.5.7.1 Farlnograph 

This measures the force required to turn the blades of a 
mixer at a constant speed. The recorded information is 
provided on a chart (farinogram) which provides the 
following information (Figure 2*5.1). By preparing the 
dough to give a constant initial resistance (usually set 
between 450 and 500 FU), the amount of water re- 
quired to achieve this value is a measure of the consist- 
ency of the dough. It reflects the quality of the hand- 
ling character, the roachinability, and the economic 
relationship between flour and water. The time (A) that 
it takes the dough to achieve the set value is an indica- 
tor for the hydration rate. The time (B) is the period 
from achieving the set value until it starts to fall below 
the set. value. This is an indication of the stability of the 
dough and will be reflected in machinability and the 
practical operating times for production of doughs and 
their fermentation tolerance, which will be gas reten- 
tion ability, texture, and crumb conformation in the 
product. The distance (Q, about which the force ini- 
tially oscillates, is used to indicate the strength of the 
dough. The greater this value the stronger the dough 
and the greater will be its stability. The fall in force (D) 
measured at a specific time after the initial standard 
force has been achieved is a further strength indicator. 
The greater the fall the weaker the dough. 

Farinograms can be valuable to explore the influ- 
ences of various enzymes on the dough characteristics. 
It is found that the application of hemicellulases can 
increase tjie proportion of water that will be required 
co obtain the initial force value. The addition of a 
hemicellulase that increases the values for B and C may 
be expected to improve the gas retention (a volume 
improvement potential) and the stability (a potential 
improvement to the bake out quality). The presence of 
an unsuitable amylase activity will be observed as an 
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Extensibility Time 

Figure 2.5.2 Extensograms for quality bread flour at 
three dough development times 
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Figure 2.B.3 Extensogram of typical flours. (A) Hard 
wheat (N. American) flour, (B) European bread flour and 
(C) European biscuit (cookie) flour 



exceptional increase in the water to flour ratio, a low- 
ering of the values of A, B and C and an increase in the 
value of D. Proteinase activity will affect all the values, 
and marked differences will occur depending on the 
type of proteinase applied. Extremely small levels of 
additional proteinase activity of fungal origin can be 
beneficial to dough and bread performance, but over- 
dosing, or the use of an aggressive bacterial proteinase, 
will show marked effects on the farinogram with poor 
stability, strength, and stability. 
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ies who market them in presentations that are designed 
for the production of particular finished goods, e.g. 
batch bread, sliced bread, brown/wholemeal bread, 
batch rolls, burger buns, morning goods, etc. These 
improvers' contain many different substances and usu- 
ally include a selection of enzymes. Apart from the small 
amount of fungal amylase added by the flour miller to 
correct the base value, there need not be any other en- 
zymes or chemicals except for those in the improver'. 
In order to achieve market penetration, however, mill- 
ers may improve their product differentiation by add- 
ing amylases selected for their attractive side activities. 
If the regulations are approved, hemicellulases may also 
be included 

By using an improver* the baker may inadvertently 
be taking in a different set of enzymes together with 
chemicals that may compete with or inactivate enzymes. 
The •improver' manufacturer will have run test baking 
trials to ensure that his formula performs as it should. 
It is advisable that additional trials be run using the 
actual flour from the baking customer. The baker may 
also have technical support that allows him to invest- 
igate the application of additional enzymes added dir- 
ectly to the mix. In this case it is important that these 
additions are evaluated in the complete system, includ- 
ing any 'improvers* the baker intends to use* 

These precautions will avoid unhappy results that 
might arise from the compound addition of some en- 
zyme types with consequent overdosing. Enzymes sup- 
plied to •improver* manufacturers are usually of sub- 
stantially higher activity than those intended for direct 
baking use (up to 50 times stronger in some cases). In- 
tending users should note the recommended dose rates 
and application advice from the enzyme supplier in or- 
der to ensure that they compare products of similar 
potency. 



2.5.9 OTHER GRADES OF WHEAT 
AND OTHER FLOURS 

There are a multitude of different baking practices 
around the world and many of these do not use wheat, 
or they use wheats of qualities different from that for 
bread production. 



Table 2.5.3 Examples of products made from soft wheat 



Biscuits, cookies 
Wafers 

Cakes of all types 
Waffles 
Doughnuts 
Flat breads 



Crackers 

Pretzels 

Pastries 

Pancakes 

Noodles 

Pie crusts 




Extensibility Time 

Figure 2.6.S Extensogram of addition of protease 
(Promod 223P) to wheat flour dough. (A) No enzyme 
addition (control), (B) low addition rate and (C) high 
addition rate 



25.9.1 Soft wheat 

There are very many applications of the soft wheat. 
Some of them are given in Table 2.5.3. For the group of 
products that includes biscuits, cookies, crackers, waf- 
fles, and pretzels, the most important characteristic of 
the dough is that it should have high extensibility and 
low elasticity. The product must retain shape, and of- 
ten also an imprinted pattern. A second important fea- 
ture is that highly hydrated gluten will lose a lot of 
water on baking and tend to produce a dry and readily 
cracked product. This must be avoided or controlled. 
The application of chemicals (e.g. sulphur dioxide) or 
proteinase enzymes to relax the dough and create the 
correct extension and loss of elasticity will increase the 
hydration potential rapidly. The rapidly spreading ban 
on the use of sulphur dioxide has increased the use of 
proteinases. 

A typical application would be to use a selected bac- 
terial proteinase. The selection will be for an enzyme 
with a thermal deactivation temperature that can be 
reached early in the baking stage. A more attractive 
enzyme would also have a limited number of bonds that 
it could break in the gluten molecules and so be effec- 
tively self-limiting. An example of this type of product 
is Promod 223 (Biocatalysts). The evidence for the per- 
formance potential may be readily obtained by apply- 
ing the extensograph to test doughs. Figure 2.5.5 illus- 
trates the typical extensogram for Promod 223. 

Enzyme action to assist in the improvement of the 
final quality and to resist the tendency to cracking is 
also of value. This is provided by including some 
hemicellulase in the formulation where this is permit- 
ted. This acts to increase hydration without affecting 
the gluten, it also increases the carbohydrate-protein 
interaction giving a smoother finish. 

An alternative is to select a fungal proteinase with 
suitable character that has an effective hemicellulase 
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FBed of the Invention 

The present invention relates to a bread improver and, in particular, to a novel and safe bread improver 

not using potassium bromate. 

The Invention also relates to a novel method of manufacturing bread using the said novel bread Improver. 

Prior Art 

Yeast food has been Invented in the U.S A. in order to assist the fermentation of bread, and the classical 
Arkady-type formulation, consisting of CaS0 4 (24.93%), NaCI (24.93%), NH 4 CI (9.38%), starch (40.49%) and 
KBr0 3 (0.27%), has also been developed In the country. Since then, various additives, including dough con- 
ditioners, have been developed to improve the volume, texture, etc of bread. 

Among such additives are Included oxidizing agents usable as a bread improver, such as potassium bro- 
mate, potassium iodate and ammonium persulfate. Of these known bread improvers, potassium bromate has 
been used most widely. 

In recent years, L-ascorbJc acid has been used forhealth reasons, in place of potassiu m bromate. However, 
no satisfactory bread improvers have been known so far. 

No hitherto known bread improvers can be effective in both shorter and longerfermentation time processes. 
In particular, known bread improvers for shorter fermentation time method are less effective and have a ten- 
dency to bring about a product of hard and crumbling texture, This tendency becomes marked with the lapse 
of time after their baking. Such bread also Inevitably suffer from insufficiency of fermentation flavor. 

Problems to be Solved by the invention 

In Japan, the use of potassium bromate has been restricted by the government for the safety of food. Gov- 
ernments of other countries have also banned or have been considering to ban the use of the additive, it has 
therefore been strongly desired to develop a safe and effective bread improver usable in place of potassium 
bromate. 

Also from the technical point of view, there has been a strong desire in this field of technology for an all- 
around bread improver which is not only highly effective in both shorter and longer fermentation time methods, 
but enables to manufacture bread having excellent flavor, texture, appearance and so on. 

Means Tak en to Solve the Problems 

It is therefore an object of the invention to provide a bread improver which can be free from the above Dis- 
advantages. 

It is another object of the invention to provide a novel composition which can be used as an all-around bread 
improver for the manufacture of bread. 

In order to achieve the above objects, the present inventors have conducted extensive investigations on 
a wide range of enzymes and, as a result, have completed the present invention. 

The present invention is concerned with a bread improver comprising glucose oxidase (which may hereinaf- 
ter be referred to as "GOD") in combination with oxidases other than glucose oxidase and hydrolases, and 
optionally with L-ascorbic acid, together with said combination of enzymes. The invention is also concerned 

with baking methods using the same. 

GOD is an enzyme that specifically oxidize glucose to gluconic acid. The enzyme accelerates the oxidation 
of L-ascorbic acid and promotes the oxidative bonding of gluten to form tertiary structure in the dough. 

As examples of oxidases other than GOD which can be used with advantage in the invention, mention may 
be made of catalase, lipoxidase, and the l&e. These oxidases can be used either individually or in combination 
of two or more. Catalase primarily decomposes hydrogen peroxide (HAJ generated by GOD and hence pro- 
motes or complements the oxidative action of GOD. Lipoxidase is an enzyme that oxidizes unsaturated fatty 
acids, such as linolelc acid and linolenic acid. Carotene Is also oxidized by this enzyme. The enzyme therefore 
supplements or promotes the oxidative action of GOD by accelerating the oxidation of the dough through oxi- 
dation of such unsaturated fatty acids, and consequently helps whitening and softening bread through oxidative 
bleaching of carotene contained In flour. However, in cases where these oxidases are used in large quantities, 
there tend to be resulted in undesirable tightening of the dough and also insufficient oven-spring and rough 
crumb grain of bread. 

In the present invention, hydrolase can be used with advantage in order to complement or further improve 
the effects of GOD. Examples of preferable hydrolases include lipase, amylase, and the like. Hydrolases can 
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be used either individually or in combination of two or more. Lipase is an enzyme that hydrofyses triglycerides 
to glycerol and fatty acids. In the dough, lipids are hydrolysed by lipase, thereby forming surfactant which is 
capable of rectifying the drawbacks resulting from the use of GOD. That is, it suppresses the undesirable exces- 
sive toughening of the dough, improves the extensibility of the dough, gives a bigger and softer product and 
5 improves its flavor and keeping quality of bread. Amylase is an enzyme that hydrofyses starch to many kinds 
of sugars, such as dextrin, maltose, glucose, and the like. Such hydrolysates provide extensibility to the dough, 
improve the oven-spring and keeping quality of bread because of their water-holding property. In the baking 
industry, a-amytase has been used most widely. 

In can be particularly advantageous to use GOD in combination with two or more of the above-described 
10 enzymes. As examples of particularly effective combination, mention may be made of the followings: A com- 
bination of GOD with lipase and/or amylase; a combination of GOD with lipase and/or amylase and with catalase 
and/or lipoxidase. Where necessary, these combinations can be additionally incorporated with L-ascorbic acid, 
and dried starch powder as a dispersant. 

The amount of the above enzymes to be used varies depending on various factors, such as the enzyme's 
is activity, kinds of bread, baking methods, e.g., fermentation time, and kinds of raw materials used. For example, 
in the case of a no-time dough method, enzymes can be used in quantities shown hereinbeiow: 

GOD (1,500 Units/g) is used preferably in an amount of ca. 1 to 200 ppm, more preferably ca. 10 to 100 
ppm. When it is used less than the above lower limit, there will be resulted in an undesirably low oxidizing effect, 
whereas when it is used in an excessive amount, there will be resulted in an excessive tightening of the dough 
20 and a poor handling of the dough because of too much oxidation. 

Catalase (50,000 Units/g) is used preferably in an amount of ca 1 to 200 ppm, more preferably ca. 5 to 
80 ppm. When it is used less than the above lower limit, there wfll be resulted in an undesirably low oxidizing 
effect, whereas when it is used in an excessive amount, mere will be resulted in an excessive tightening of the 
dough and a poor handling of the dough. 
25 Lipoxidase (lipoxldase-containing soybean powder, 500,000 Oriental Units/g) can be used preferably in an 
amount of ca. 200 to 20,000 ppm, more preferably ca. 500 to 2,000 ppm. When it is used less than the above 
lower limit, there will be resulted in an undesirably tow oxidizing effect, whereas when it is used in an excessive 
amount, there will be resulted an undesirable deterioration in taste. 

Lipase (60,000 Units/g)can be used preferably in an amount of ca. 50 to 1,000 ppm, more preferably from 
30 100 to 600 ppm. When it is used less than the above lower limit, there will be resulted a low extensibility of 
dough and the desired softening of bread wBI be attained only insufficiently, whereas when it is used in an exces- 
sive amount, there wfll be resulted in an undesirably sticky and slack dough which could hardly be handled. 

Amylase (10,000 Oriental Units/g) is used preferably in an amount of ca 100 to 1 ,000 ppm, more preferably 
ca. 200 to 800 ppm. When it is used less than the above lower limit, there will be resulted a low extensibBity of 
35 dough and the desired softening of bread will be attai ned only insufficierrtly, whereas when it is used in an exces- 
sive amount, there will be resulted in an undesirably sticky dough which could hardly be handled. 

L-ascorbic acid enhances the oxidative effect with GOD and further strengthens the binding of the dough. 
The additive when used together with the above enzymes, further improves the baking properties. L-ascorbic 
acid is used preferably in an amount of ca 5 to 500 ppm, more preferably ca 20 to 200 ppm. 
40 It should be noted that the above amounts are given just for illustration and the enzymes can be used in 
quantities not falling within the above ranges. 

The units of enzyme activities employed herein are as follows: 
GOD activity; One unit is defined as the activity of enzyme which catalyses the oxidation of one 

mlcromole of glucose per minute at 37 P C and pH 5.1 . 
45 Catalase activity: One unit is defined as the activity of enzyme which decomposes one mlcromole of 

hydrogen peroxide per minute at 25°C and pH 7.5. 
Lipoxidase activity: One unit is defined as the activity of enzyme which shows 0.001 of O.D. (at 234 

nm) change per minute in substrate solution containing linoleic acid at 25°C and 
pH 9.0. 

so Lipase activity: 10 units is defined as the activity of enzyme which liberates one mlcromole of fatty 

acids per minute when an olive oil emulsion is used as a substrate at 37°C and pH 
6.0. 

Amylase activity: According to the Oriental method, wherein the viscosity decreasing time of a starch 

solution is measured by Ostwald Viscometer at 30°C and pH 5.0. (The amylase 
55 sample used in the present exhibited an activity of 10,000 Oriental units per gram). 

These enzymes can be prepared, e.g., by cultivating microorganisms or by extracting from plant or animal 
bodies. They can be used in either a purified or crude state. It is also possible to use cultured products (e.g., 
cell bodies of microorganisms, culture broths, culture filtrates, extracts, etc.) or extracts derived from animals 
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or plants, instead of enzymes. If desired, products obtained by concentrating, drying or diluting such cultured 

or extracted products can be used. 

Further, any material that contains such enzymes can also be used, if desired, as it is. For example, soy- 
bean powder and various beans or bean products can be used in place of lipoxidase; and rice bran or its pro- 
ducts can be used in place of lipase. 

The bread improver of the present invention can be used for the manufacturing of bread in the same manner 
as in cases where commercial bread improvers are used. For example, It can be added into a mixer with other 
ingredients at the beginning of mixing process. 

The bread improver can be utilized in any known baking methods, including no-time dough method, straight 
dough method, sponge and dough method, overnight dough method, low-temperature and long-time fermen- 
tation method, and frozen dough method. For example, in sponge and dough method, the improver can be 
added in two portions: one portion at sponge mixing, and the other portion at dough mixing. It is also possible 
to add to either sponge or dough. It can however be most preferable to add aD the Improver at sponge mixing. 

The bread improver according to the invention can be an all-around improver, it can be used in both long 
time and short time baking method, and it can be highly suited for home uses, as well as for industrial uses. 

According to the present invention, there can be obtained bread of a sufficient volume, which is satisfactory 
in the quality of the internal and external characteristics. Furthermore, the undesirable stickiness of the dough 
can be suppressed by the addition of the improver and the resulting dough can be handled quite smoothly. The 
effects of the improver is therefore marked and immediate from operation point of view. 

The present invention will further be illustrated by examples. It should however be noted that the invention 
is by no means limited to these. 

Example 1 

Bread improvers according to the invention were prepared by thoroughly admixing the ingredients set forth 
in Table 1. 



Table 1 



30 


Bread 
Improver 


No. 1 


No. 2 


No. 3 


No. b 


No. 5 


3S 


Glucose 
oxidase 


(60ppm) 


16. 7£ 
( 60ppm) 


13- o$ 
(30ppm) 


16.7$ 
(60ppm) 


23* 1# 
(120ppm) 


Lipase 


83. % 
( 300ppm) 




( lOOppm) 


55- 5£ 
( 200ppm) 


57*7% 
( 300ppm) 


40 


Amylase 




83- 3# 
( 300ppm) 


43-5# 
(lOOppm) 


( lOOppm) 


19. 2# 
(lOOppm) 




. Total 


100# 


100# 


100^ 


100# 


100# 



45 Note: Figures in parentheses show theoretical concentrations of the 
ingredients (based on the weight of wheat flour). 



50 Example 2 

Bread improvers according to the invention were prepared by thoroughly admixing the ingredients set forth 
in Table 2. 
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Table 2 



Bread 
Improver 


; No. 1 


NO. 2 


NO. 3 

• 


No, 4 


No. 5 


Glucose 
oxidase 


( 60ppm) 


3.07S 

(60ppm) 


( 30ppm) 


(60ppm) 


(120ppm) 


Lipase 


15.0J5 
( 300ppra) 




5.0# 
(lOOppm) 


10. 0# 
( 200ppm) 


15.0* 
(300ppra) 


Amylase 


• 


l5»o# 

OOOppm) 


(lOOppm) 


5.0^ 

(lOOppm) 


5.0^ 
(lOOppm) 


Dried 
starch 
(dispersairt) 


82. 0# 


82. 0# 


88. 5# 


82. 0# 


?4,0# 


Total 

. ■ 


100# 


100# 


100# 


100# 


10 0# 



Note i Figures in parentheses show theoretical concentrations of the 
ingredients ( flour basis) in the case where the bread improver 
is used at a rate of 0.2# on flour weight. 



Example 3 

Bread improvers according to the invention were prepared by admixing the ingredients set forth in Table 
3 (tota! weight of ingredients: 10 kg/lot) for a period of 7 minutes by use of a V-type mixer manufactured by 
Hosokawa Micron Co. 
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Table 3 



Bread 
Improver 


No. 1 


No. 2 


No- 3 


No. 4 


No. 5 


L-ascorbic 
Acid 


2.5* 
( 50ppm) 


2.5* 
( 50ppm) j 


5-0* 
( lOOppm) 


5-0* 

(lOOppm) 


5«o* 

( lOOppm) 


Glucose 
oxidase 


3.0* 
( 60ppm) 


1.5* 
( 30ppm) 


1.5* 
( 30ppm) 


3.0* 

(60ppm) 


6.0* 
( 60ppm) 




3.0* 
(6oppm) 


1-5* 
( 30ppm) 


1.5* 
( 30ppm) 


3.0* 
( ooppm; 


3-0* 
\ooppm; 


Soybean 
powder 




50.0* 
(lOOOppm) 




50.0* 

(lOOOppm) 


50.0* 
(lOOOppm) 


Lipase 






15.0* 
| (300ppm) 


30.0* 
(600ppra) 


15.0* 
( 300ppm) 


Amylase 


30,0* 
( 600ppm) 


15.0* 

(300ppm) 






15.0* 
( 300ppm) 


Dried 
starch 
(dispersant , 


6l.fr 


29.5* 


77.0* 


9-0* 


9.0* 


Total 


100* 


100* 


100* 


100* 


100* 



Notet Figures in parentheses show theoretical concentrations of the 
ingredients (flour basis) in the case where the bread improver 
is used at a rate of 0.2* on flour weight. 



Example 4 

Each bread of Sample Nos. 0 to 15 in Table 5 was prepared In accordance with the formula and the pro- 
cessing set forth hereinbelow, whereby bread improver Nos. 1 to 5 prepared In Example 2 were used for Sample 
Nos. 1 to 5 by 0.2% dosage, respectively, and bread Improver Nos. 6 to 1 5 were used for Sample Nos. 6 to 1 5 
(controls), respectively. No bread Improver (No. 0 in Table 4) was used for Sample No. 0 (control). 

In Table 4 are shown the compositions of bread improver Nos. 6 to 15 (controls). 

The results obtained are shown in Table 5. 
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Formula 
Bread flour 
Sugar 
Salt 

Shortening 
Yeast 

Bread Improver 

Note *:Bread improvers containing GOD, lipase, amylase, 

etc. as shown in Table 2 or ft were used at 
ratio shown therein. 



5 % 

2 i* 

4 # 

3 $ 



Procedure 
Mixing 

Dough temperature 
Floor time 
Dividing 

Intermediate proofing 

Final proofing (35°C, 90% R.H.) 

Baking 



Fat 

30 °C 
15 min 
450 g 
15 min 

Up to 1.5 cm above the pan 
200 °C, 20 min 
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Table 4 



No. 


GOD(ppm) 


Lipase(^) 

J- 


Amylase(^) 


10 


30 


60 


120 


0.01 


o,03 


0.05 


0.01 


0.03 


0.05 


0 
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o 
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It would be apparent from the results shown in Table 5 that bread improvers containing two enzymes (in 
particular, GOD and lipase) can be highly effective and that further improved results can be attained by using 
bread improvers containing the three enzymes (La, GOD, lipase and amylase). It would also be apparent that 
satisfactory results can be obtained by using bread improvers without chemical additives. 

Example 5 

Each bread of Sample Nos. 1 to 5 in Table 6 was prepared by using bread improver Nos. 1 to 5 prepared 
in Example 3, by dosage of 0.2%, respectively. The results obtained are shown in Table 6. 
The formula and procedure employed in the above preparation were as follows: 



Formula 
Bread flour 
Sugar 
Salt 

Shortening 
Yeast 

Bread improver 



Note * : Bread improvers prepared in Example 3. 



Procedure 
Mixing 

Dough temperature 
Floor time 



Intermediate pro 
Final proofing ( 
Baking 

For the purpose of comparison, bread Nos. 6 to 8 in Table 6 were prepared in the same manner as the 
above, using the following bread improver Nos. 6 to 8, respectively, except that the bread improvers having 
the formulae set forth below, respectively, were used by dosage of 0.1%. In the following formulae, the figures 
in the parentheses show the concentrations of the ingredients by flour basis. 
No. 6: L-ascorbic acid 10% {100 ppm) 

Dried wheat flour 90% 
No. 7: L-ascorbic acid 10% (100 ppm) 

GOD 3% (30 ppm) 

Dried wheat flour 87% 
No. 8: Commercial bread improver for no time dough method 

(based on L-ascorbic acid) 



100 $ 
5 * 

2 % 
4 % 

3 % 
(*) 



Fat 

l l m 3 Im 3 h 8 . 

30 °C 
10 min 
450 g 

►fing 15 min 

*5°C, 90$ R.H.) Up to 1*5 cm above the pan 

200 °C, 20 min 
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It would be apparent from the results shown in Table 6 that excellent results can be attained by using bread 
improvers containing GOD in combination with one or more oxidases and one or more hydrolases, and that 
such bread improvers can be more effective than the currently commercial bread improvers based on L-ascor- 
bic acid. 

5 

Merits of the Invention 

* 

The bread improver according to the invention is based on novel compositions consisting of natural 
enzymes and, where optionally used, L-ascorbic acid. It can therefore be highly advantageous in safety, 
to In addition, the bread improver is applicable to any bread manufacturing processes and can be an all- 
around type additive highly effective not only in shorter fermentation time method but in longer fermentation 
time method. 

The bread improver brings about a dough having excellent extensibility and makes it possible to manufac- 
ture bread which has not only bigger loaf volume but excellent other qualities, e.g., flavor, texture, keeping qual- 
15 ity, eta 



Claims 

20 1 . A bread improver which comprises glucose oxidase in combination with lipase and/or amylase. 

2. A bread improver which comprises glucose oxidase in combination with catalase and/or tipoxidase, and 
with lipase and/or amylase. 

25 3. A bread improver according to claim 1 or 2, which additionally comprises L^ascorbic acid and/or dried 
starch powder. 

4. A process for manufacturing bread, which utilizes a bread improver according to any of the claims 1 to 3. 
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® A method of improving the properties of dough and the quality of bread- 

© The invention relates to a method of improving the properties of dough and the quality of bread by adding to 
the dough, dough ingredients, ingredient mixture or dough additives or additive mixture an enzyme preparation 
comprising hemiceliulose and/or cellulose degrading enzymes and glucose oxidase, or sulphydryl oxidase and 
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preparation of the invention has an advantageous effect on the processability of the dough and the properties of 
the final bakery product The combination of the enzyme preparation of the invention and lecithin can 
advantageously replace bromate conventionally used as a baking additive. 
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A method of improving the properties of dough and the quality of bread 

The invention relates to a method of Improving the properties of flour dough and the quality of a 
finished bakery product, wherein an enzyme preparation comprising hemiceltulose and/or cellulose degrad- 
ing enzymes and glucose oxidase, or sulphydryl oxidase and glucose oxidase, is added to the flour or to 
the dough. The enzyme composition of the invention enables the use of weak flour, whereby the dough has 
not only a good process tolerance (advantageous rheological properties during the bread making process) 
but also a good oven spring and the final product will possess an Improved grain structure and increased 
bread volume. The enzyme composition of the invention can partially or fully replace conventional . 
emulsifiers used as baking additives. Furthermore, the enzyme composition can replace bromate used in 
bread as a baking additive, though accepted only in a few countries, especially when the enzyme 
composition is used in combination with a conventional emulsifier. lecithin. 

Cellulasesmemlcellulases cleave non-starch polysaccharides contained in flour. This affects the water 
retention and water binding capacity, viscosity, and proofing (rising) capacity of the dough as well as the 
texture, aroma, taste and freshness of the bread. 

Generally speaking, the use of cellulasesmemlcellulases gives an improved oven spring to the dough 
and an improved bread volume, grain structure and anti-staling properties to the finished bakery product 
However, the dough may become too slack and stickier, which may cause problems. It Is thereby 
necessary to use dosages too low for an optimum baking result to be achieved, so that the enzymes in 
question cannot be utilized to the full extent. At low dose levels, cellulases/hemiceliuiases make the 
mechanical handling of the dough easier whereas the effect of ceHulasesmemicellulases on the process 
tolerance, for instance, may be insufficient when used alone, wherefore emulsifiers have to be used as 
additives. 

It has been found that the addition of glucose oxidase (GO) and sulphydryl oxidase (SHX) strengthens 
the dough. Flour having a low protein content is usually classified as weak. The gluten of weak flour (the 
extensible, rubbery mass formed when mixing flour with water) is very extensible under stress but does not 
return to its original dimensions when the stress is removed. Flour with a high protein content is classified 
as strong. The gluten of strong flour is less extensible than that of weak flour. It is more resistant to mixing. 

Strong flour is often preferred for baking purposes, since the rheological and handling properties of a 
dough prepared from such flour are superior to those obtained with weak flour. In addition, the shape and 
texture of a bakery product prepared from strong flour are remarkably better as compared with weak flour. 

A dough prepared from strong flour is also more stable as compared with that prepared from weak 
flour. This is one of the most important - if not the most important - properties in view of the baking 
process. 

The stability of dough (process tolerance) can be improved by glucose oxidase and sulphydryl oxidase; 
however, the bread volume of the product obtained with these enzymes is not generally sufficiently good 
and the texture is not sufficiently good (velvety). 

In addition to those mentioned above, enzymes affecting baking further include amylases and pro 
teases. Amylases produce sugars for yeast food (from damaged starch, for instance). Alpha-amylase breaks 
down such starch into dextrines which are further broken down by beta-amyiases into maltose. Due to this, 
an increased amount of gas is produced by the yeast, which increases the bread volume. At the same time, 
the increased formation of dextrines and maltose improves the crust colour, aroma and taste of the final 
product. Furthermore, alpha-amylase retards the chemical ageing of bread (staling of the bread crumb). 
Protease, in turn, break down flour proteins, resulting in a more stretchy dough. The dough "matures- more 
rapidly whereby the need of mixing and the fermentation times of the dough can be decreased; due to the 
better baking properties, the gas retention of the dough, and the volume and grain structure of the bread 
are improved. 

It has been known for a long time to use so called bread improvers in the preparation of dough. The 
function of such bread improvers, including emulsifiers, unspeclRc oxidants (such as ascorbic acid 
(dehydroascorbic acid), potassium bromate, peroxides, iodates, etc.) etc., Is to form inter-protein bonds 

which strengthen the dough. 

Emulsifiers used in baking have many effects, such as retardation of chemical ageing, strengthening of 
gluten and an even emulsification of fat through the dough. Conventional emulsifiers used in baking include 
monogiycerides, diacetyl tartaric acid esters of mono- and dlglycerides of fatty acids, and lecithins. Lecithin 
used in baking is normally obtained from soya Lecithin may be in many different product forms, such as 
raw lecithin, de-oiled lecithin, or a carrier spray-dried lecithin, fractionated lecithin, chemically modified and 
enzymatically modified lecithin. Lecithin is a mixture of different phospholipides, the composition of which is 
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variable. Furthermore, the different product types and commercial products behave in different ways ,n 
baking applications. Normally the lecithin content ot commercial products is specified as acetone insoluble 
material (Al) Following commercial product examples from Lucas Meyer. Hamburg. Germany, illustrate the 

N (d Jed). phosphottpide content min 95%; Lecimutthin M-035 (sp^ed). 
s ShollpWe content appr. 28.6%. In addition to its emulsifying effect, lecithin improves the baking 
Prcp^es S the other baking ingredients, increases bread volume. Improves anti-staiing properties and has 
a favourable effect on the crumb and crust texture. 

Many commonly used bread improvers have disadvantageous effects; in particular, they may have 
negative organoleptic effects on the final bakery product On the other hand, the use of bromate. e.g., is not 

10 accepted in many countries. „ . 

From the consumer's point of view, it is advantageous to minimize the use of the above-mentioned 

chemical additives. „ ... . . . 

U S Patent Specification 2.783.150 discloses a method of treating flours with glucose oxidase enzyme 
for improving the dough formation and baking properties. This results In improved dough strength, improved 
I6 dough handling properties, and improved texture and appearance of the baked product The use of glucose 
oxidase in combination with ascorbic acid is recited as particularly advantageous. 

Japanese Patent Specification 5701/1968 discloses a method of improving the quality of bread by the 
addition of an enzyme composition containing celluiase and/or hemlcellulase to Ihe dough. It is empha 
sized in the patent specification that the addition of this enzyme composition causes decomposition of 
20 insoluble fibrous components contained in flour, such as cellulose and pentosan which as such would 
considerably deteriorate ihe quality of bread by rendering the dough non-homogeneous and by preventing 
the formation of gluten. It is recited that the bread product so obtained has an increased volume, more 
uniform grain structure and slower ageing during storage. 

U S Patent Application 136.003. filed in December 1987. describes the use of an enzyme preparation 
25 containing glucose oxidase and microbiological sulphydryl oxidase for increasing the strength of a dough 
prepared from flour, water and yeast Such an enzyme preparation Is recited to improve the rheological 
properties of the dough and. in particular, to improve the stability of the dough. 

The combination of glucose oxidase and sulphydryl oxidase has also been shown to dry the surface of 
dough, which improves the machinabifity of the dough. 
30 It has now been unexpectedly found that the combined use of hemlcellulase/cellulase and glucose 
oxidase enzymes, or glucose oxidase and sulphydryl oxidase enzymes has a complementary synergistic 
effect so that the processability and process tolerance, oven spring, volume and texture are clearly better 
than what could be expected when using each one of these enzymes alone. 

The Invention relates to a method of improving the rheological properties of flour dough and the 
as properties of the final bakery product by adding to the dough an effective amount of an enzyme preparation 
containing hemicellulase and/or celluiase and glucose oxidase, or glucose oxidase and sulphydryl oxidase. 
By the use of this enzyme composition, a dough prepared from weak flour will have the typicd 
advantageous properties of a dough prepared from strong flour (advantageous rheological properties and 
•good ghiten properties", handling properties and tolerance in a mechanized industrial bread making 
40 process) while the final bakery product keeps its desired shape, has good volume, good grain structure and 
good organoleptic properties. The enzyme composition of the invention can also either partially or fully 
replace conventional bread improvers classified as additives (e.g. emulsiflers). The surface of a dough 
containing the enzyme preparation of the invention remains dry. which is an important factor m industrial 

fl "^Thedough is prepared by mixing together flour, water, yeast, the enzyme composition of the invention 
and other possible ingredients and additives. The enzyme preparation can be added together with any 
dough ingredient or Ingredient mixture or any additive or additive mixture, except strong chemicals which 
inactivate the enzymes. The dough can be prepared by any dough preparation process common in the 
baking industry such as a nt/rmai straight dough process, a sour dough process, the Chorleywood Bread 

so Process and the Sponge and Dough process. Wheat flour is preferably used but it is also possible to use. 
e.g., rye flours and other flours and their mixtures. The enzyme preparation of the invention can also be 
used in the preparation of dry grain products, such as ryecrisp and rusk. 

The enzyme preparation comprises about 0-50,000 units, preferably 10-10,000 units of hemicellulolytlc 
activity (calculated as xylanase units); about 0-50.000 units, preferably 10-10.000 units of cellulose activity 

55 (calculated as carboxymethyl celluiase units); about 5-2.500, preferably 35-1,000 units of glucose oxidase; 
and about 0-800, preferably 0-300 units of sulphydryl oxidase calculated per kg of flour (the enzyme units 
will be defined later). The preferred amounts of enzymes depend on the process used, the process 
conditions and the ingredients. An example of an enzyme preparation useful in direct baking would be as 
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follows- 300 units of hemicellufase, 100 units of cellulase, 300 units of glucose oxidase, and 1 unit of 
suiphydryl oxidase per kg of flours. Enzyme preparations useful In Chorleywood baking include a 
preparation containing about 2,000 units of hemicellulase, about 700 units of cellulase, about 650 units of 
glucose oxidase, and about 2.5 units of sulphydry! oxidase. 

Any method known from the prior art can be used in the preparation of the enzymes, Hemicellutolytte 
and ceilulolytic enzymes can be prepared microbiological by means of fungi or bacteria, e.g. ; molds 
belonging to the Trichoderma. Aspergillus or Penlcillium genus, in a manner known per se. Suiphydryl 
oxidase and glucose oxidase can be prepared microbiologtcatly by means of fungi and bacteria, e.g.. molds 
belonging to the Aspergillus or Penlcillium genus. 

The hemicellulotytic and ceilulolytic activities of the enzyme preparations of the invention are defined as 
xylanase(Xyl.). carboxymethyl cellulase(CMC) and/or filter paper(FP) activities. 

The definitions of the different enzyme activities and the methods of defining the enzyme activities are 

set forth below: 



15 

Xylanase activity (Khan A.W. et al., Enzyme Microb. Technol. 8 (1 986) 373-377): 

« 

1 ml of a suitably diluted enzyme solution in acetate buffer (0,05 M NaAc, pH 5.3) is tempered at 50 C. 
1 ml of xylan substrate (1% xyian. 0.05 M NaAc. pH 5.3) is added. The sample is incubated for 30 min at 
20 50 *C. The reaction is stopped by adding 3 ml of DNS reagent (3,5-dinitrosalicylate), and the colour is 
developed by boiling the sample mixture for 5 min. The absorbance is measured at 540 nm. One enzyme 
unit liberates 1 micromole of reducing sugars per one minute under assay conditions, calculated as 
glucose. 



Filter paper activity (Ghose T.K. et al„ Symposium of Enzymatic Hydrolysis of Cellulose, Bailey M.. Enari 
T.M.. Linko WL. Eds. (SITRA, Aulanko, Finland, 1975), p. 111-136): 

A piece of filter paper (Whatman 1, 50 mg) is added to 1 ml of acetate buffer (0.05 M NaAc. pH 4.8). 1 
ml of suitably diluted enzyme solution is added. The solution is incubated for 1 h at 50 C. The reaction is 
stopped by adding 3 ml of DNS reagent and the colour is developed and measured similarly as in the 
xylanase determination. One activity unit liberates 1 micromole of reducing sugars per one minute under 
assay conditions, calculated as glucose. 



Carboxymethyl cellulase activity (Mandeis M„ Weber J., Adv. Chem Ser. 95 (1969) 391-413): 

1 ml of suitably diluted enzyme solution in acetate buffer (0.05 M NaAc, pH 4.8) and 1 ml of CMC 
substrate (1% CMC, 0.05 M NaAc. pH 4.8) are mixed together. The solution is incubated for 10 min at 
50* C. The reaction is stopped by adding 3 ml of DNS reagent. One enzyme unit liberates 1 micromole of 
reducing sugars calculated as glucose per one minute, under assay conditions. 



45 



Suipnydry! oxidase activity (Young J. and Nimmo l„ Biochem. J. 130 (1972) 33): 

One suiphydryl oxidase unit is equal to an enzyme amount required for depleting 1 micromole of O2 
per one minute from a test mixture containing 8 mmol of QSH (reduced glutathione) and 40 mmol of 
sodium acetate (pH 5.5) at 25" C. 



Glucose oxidase activity (Scott D., J. Agr. Food. Chem. 1 (1953) 727): 
3 units of glucose oxidase yields 1 mr of 0.05 N gluconic acid. 

The enzyme preparation of the invention may contain cellulases and/or hemicellulases functioning both 
with endo- and exomechamsms. In addition to these enzyme activities, the enzyme preparation to be used 
according to the invention may contain substantial amounts e.g. of the following enzyme activities: beta- 
glucosidase, beta-xylosidase, acetyl esterase, arabinase, mannanase, galactomannanase, pectinase, alpha- 
arabinosidase. aJpba-glucuronidase, alpha-amylase, beta-amylase. glucoamylase and protease. 
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Example 1 (pan bread, white bread dough) 

Baking tests were carried out in which two different types of enzyme preparations containing hemicel- 
lulolytic and ceilulolytic activity (preparations A and B), enzyme preparation containing glucose oxidase and 
sulphydryl oxidase (preparation O. and enzyme preparation of the invention containing ceHuloiytfc and 
hemicellulolytic activity and giucose oxidase and sulphydryl oxidase (preparation 0) were added to a pan 

bf6 The°S5yme activities of the enzyme preparations to be tested appear from the following Tabte l, 
whereby xylanase(Xyl.), carboxymethyl cellulase(CMC) and filter paper(FP) activities are descriptive of the 
hemicellulolytic and ceilulolytic activity of the enzyme preparations (preparations A and B). Preparation C 
contains* glucose oxidase and sulphydryl oxidase, and preparation D of the invention contains gki cose 
oxidase (GO) and sulphydryl oxidase (SHX) in addition to the above-mentioned ceilulolytic and hemicel- 
lulolytic activities. 



is 



Table 1 



20 



25 



30 



3S 



40 





Enzymes t< 


o be tested 








Preparation 


Dosage 


Enzyme activity U/kg of flour 




mg/kg of flour 
















Xyl. 


CMC 


FP 


GO 


SHX 


A. Control 1 


1.12.95 


350 


120 


5 






(cellulase + 


2. 25.90 


700 


240 


10 






hemlcellulase) 


3. 37,00 


1,000 


340 


14 








4. 74.00 


2,000 


680 


28 


■ 




B. Control 2 


1.40 


20 


165 


14 


* 




(cellulase + 


2.80 


40 


330 


29 


* 




hemiceliulase) 


3. 160 


80 


660 


58 


m 




C. Glucose oxidase 


1.0.8 


m 


* 




100 


0.4 


+ sulphydryl 


2.2.4 




* 


m 


300 


1J2 


oxidase 


3. 4.8 








600 


2.4 


D. Combination: 


1.37/2.5 


1,000 


340 


14 


320 


1.3 


cellulase + 


2. 37/5 


1,000 


340 


14 


645 


2.6 


hemiceliulase + 


3. 74/2.5 


2.000 


680 


28 


320 


1.3 


glucose oxidase + 


4. 7475.0 


2.000 


680 


28 


645 


2.8 


sulphydryl oxidase 















Flour used in the test bakes possessed the following properties: 
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so 



Moisture (%) 


14.7 


Protein content (Kjeidahl) (%) 


11.3 


Concentration of damaged starch (Farrand units) 


28 


Alpha-amylase content (Farrand units) 2 




Colour of flour 


3.3 


Falling number (5 g) 


218 


Water binding in 10 min (% on flour) 


58.6 



Composition of the dough In the test bakes was as follows (amounts are percentages on the amount of 
flour): 
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s 



10 



IS 



20 



25 



30 



Flour 


100 


Yeast 


2.1 


Salt 


1.8 


Fat 


0.7 


Water 


58.8 


Ascorbic acid 


0.003 


Potassium bromate 


0.0045 


Enzyme additions (see Table 1) 


... 



Flour salt ascorbic acid and bromate were weighed and stored at constant temperature (21 C) 
overnight Each enzyme preparation was dissolved in water at a desired concentration before each test 
series A dough was prepared by the Chorleywood Bread Process, whereby each dough batch contained 
1 400 g of flour The flour was first introduced into a mixing bowl, whereafter the other dry ingredients were 
added The enzyme solution was dispersed through the dough water, and the resultant solution was added 
to the dough The dough was prepared as follows: mixing (Morton Kopp mixing device, mixing speed 300 
revmin) scaling and first moulding, first proof (10 min). final mouldfng, final proof at 43 C (proof height 10 
cm) and baking at 230* C for 25 min. Thereafter the loaves were allowed to cool, and they were stored 
overnight in a closed space at constant temperature (21 ' C), whereafter the bread volume was determined 
by the rapeseed displacement, and other desired properties were determined. 

The obtained results appear from Table 2 for the enzyme preparations A. B. C and D. The following 
properties are given in the different columns: 
m * amount of added enzyme preparation (mg/kg of flour) 
K = dough consistency (subjective assessment) 

t = proof time (min) ( = time taken by the dough to reach a height of 10 cm in the pan) 

h = oven spring (cm) ( = difference between the heights of unbaked and final baked loaf) 

V = bread volume (ml) determined by rapeseed displacement 

AV ■ change (%) in bread volume with respect to control 

R = crumb score (from 1 to 10, the greater the value, the better the structure) 

Each baking test was carried out as a parallel test in triplicate, and the evaluation of the loaves is given 
as the mean value of the results obtained for 3x4 loaves (same enzyme, same concentration). 
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50 
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Table 2 





Enzyme preparation 


rn 


K 


t 


h 


V 


AV 


R 


s 


A (comparison) 


Control 
12.95 
25.9 
37.0 
74.0 


good 
good 
good 
good 
very good 


50 
49 
50 
50 
51 


1.8 
2.0 
2.0 
2.2 
2.3 


1349 
1363 
1375 
1415 
1434 


* 

+ 1.0 
+1.9 
+4.9 
+ 6.3 


"5 

8 
8 

7.3 
7.6 


10 


B (comparison) 


Control 
40 
80 
150 


good 

smooth" 

smooth" 

• 

very good 


50 
50 
49 
50 


1.8 
22 
2.0 
2 2 


1349 
1399 
1386 


+ 3.7 
+2.7 

ICC 


~8 

8.3 

a3 


15 


C (comparison) 


Control 
0.8 
2.4 
4.8 


good 
good 
good 
very good 


47 
47 
47 
46 


1.6 
1.5 
1.5 
1.8 


1332 
1321 
1306 
1334 


m 

-0.8 
-2.0 
+ 0.2 


7.3 
7.3 
7.6 
7.6 


20 


D (according to the Invention) 


Control 
39.5 
42.0 
76.5 
79.0 


good 

good 

relaxed* 

extensible"'* 

extensible*" 


47 
45 
47 
46 
45 


1.6 
2.5 
2.3 
2.1 
2.5 


1332 
1443 
1443 
1449 
1441 


* 

+ 8.3 
+ 6.3 
+ 8.8 
+ 8.2 


7.3 
7.7 
7.7 
7.7 
8.3 



25 1 machinability of the dough improved 

~) the dough becomes stretchy with time, i.e., the gluten properties are improved so that the 



dough is easier to handle 

elastic, slacker dough — 

It appears from the results that the preparation D of the invention, containing cellulose and hemicel- 
lulose degrading enzymes and glucose oxidase and sulphydryl oxidase enzymes, improves the handling 
properties of the dough (improved relaxation and elasticity) as compared with the comparison preparations, 
which contain either celluJolytic and/or hemicellulolytic activity (preparations A and B) or glucose oxidase 
and sulphydryl oxidase (preparation C). In addition, the bread prepared according to the invention has 
improved oven spring, volume and texture. 



Example 2 (hearth white bread) 

40 Baking tests were carried out by adding enzyme preparations C and D described in Example 1 to a 
bread dough, of which the latter preparation was the enzyme composition of the invention while the former 
contained glucose oxidase and sulphydryl oxidase. The enzyme activities and dosage of the tested enzyme 
preparations were the same as in Example 1. The composition of the dough used was the same as that of 
the pan bread dough of Example 1. except that it contained less water (55.0% on the amount of flour). The 

45 ingredients were pre-treated similarly as in Exampte 1, and dough batches of 5.000 g and 2,500 g were 
prepared for enzyme preparation C and enzyme preparation D, respectively, using the Chorleywood Bread 
Process. The enzyme solution was dispersed through the dough water, and the water was introduced into a 
mixing bowl. Then the flour and other dry ingredients were added. The dough was prepared as follows: 
mixing (Tweedy 35 mixing apparatus. 450 rev/min). scaling, first moulding, first proofing (6 min), second 

50 moulding, final proofing at 40 ' C (proof times 50, 70 and 90 min) at 70% humidity and baking at 244 C for 
25 min. Then the loaves were allowed to cool, and they were stored overnight in a dosed space at constant 
temperature (21 ' C), whereafter bread volume was determined by rapeseed displacement, and the height 
and width of the bread were measured. Further, change (%) in bread volume was determined as compared 
with the control. The results appear from the following Table 3. 

55 
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Table 3 



Enzyme 
prep. 


Dosage 
<mg/kg) 


Mixing 

mm 

time 
<s> 


Vol.(ml) + vol, change (%) in rel. to 
control with different proof times* 


Height (cm) 


Width (cn 


it 

v 


50 


70 


90 


50 


70 


90 


50 


70 


90 


C 


Control 
0.8 
2.4 
4.8 


93 
102 

96 
101 


1121 
1161+3.6 
1112- 0.8 
1143+2.0 


1110 
1071-3.8 
1160+4.5 
1101-0.8 


1093 
1222 + 11,8 
1214+11.1 
1244+13.8 


8.0 
8.2 
8.5 
B2 


7.2 
7.5 
8.6 
8.1 


6.8 
7.3 
7.3 
7.8 


10.9 
10.7 
10.3 
10.4 


11.9 
10,7 
10.5 
10.4 


12.2 
12.3 
12.5 
12.1 




Control 


96 


1164 


1108 


1168 


8.5 


7.8 


6.8 


10.9 


11.5 


13.0 




39.5 


.107 


1295+11.3 


1482 + 33.8 


1355+16.0 


7.9 


7.8 


6.6 


11.7 


12.9 


13.8 


0 


42.0 


105 


1288+10.5 


1509+36.2 


1425 + 22.0 


7.6 


8.2 


6.5 


11.6 


12.5 


13.5 




76.5 


108 


1249+7.3 


1508 + 38.1 


1558 + 33.4 


7.6 


8.0 


7.5 


11.3 


12.8 


13.9 




79.0 


104 


1300+11.7 


1505 + 35,8 


1529 + 30.9 


7.8 


8.2 


9.3. 


12.1 


12.5 


13.3 



• Proof times used were 50, 70 and 90 min. 



It appears from the results that the effect of the enzyme composition preparation D of the invention on 
bread volume, for instance, is more favourable than that of the preparation C containing glucose oxidase 
and sulphydry! oxidase. In addition, bread prepared according to the invention maintained its shape even 
with long proof times whereas the control loaves showed a tendency to "flatten out". 



Example 3 (hearth white bread) 

In addition to those mentioned above, baking tests were carried out to study the replacement of 
30 emulsifiers used In bread improvers and classified as additives with enzyme preparations of the invention 
containing cellulolytic and/or hemicellulolytlc enzyme activity and glucose oxidase. The analysis of the flour 
used in the baking trials gave the following results: moisture 14.8%, falling number 262, colour 3.7, gluten 
26.0%, ash 0.77% (on dry basis), and swelling number 20 (ascorbic acid 15 ppm). The enzyme activities of 
the used enzyme preparations of the invention are shown hi the following Table 4. 

35 

Table 4 
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so 



Preparation 


Dosage 
mg/kg of flour 


Enzyme activity U/kg of flour 


Xyl. 


CMC 


FP 


GO 


1 


6 


100 


34 


1.4 


260 


2 


10 


200 


68 


2.8 


260 


3 


17 


400 


136 


5.6 


260 


4 


21 


500 


170 


7.0 


260 


5 


8 


too 


34 


1.4 


530 


8 


12 


200 


68 


2.8 


530 


7 


19 


400 


136 


5.6 


530 


8 


23 


500 


170 


7.0 


530 


9 


12 


100 


34 


1.4 


1050 


10 


23 


400 


136 


5.6 


1050 



The bread improver used in the tests contained bread improver base and 8% emulsifler (diacetyl 
55 tartaric acid esters of the mono- and diglycerides of fatty acids), and its analysis gave the following results: 
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10 



Alpha-amyiase 


12U/g 


Xytanase 


18U/g 


CMC 


5U/g 


FP 


2U/g 


Ascorbic add 


0.9 mg/g 


Fat 


38% by weight 



in the test, the emulslfier of the bread improver (diacetyl tartaric acid esters of the mono-and 
digiycerides of fatty acids) was replaced with the enzyme preparation of the invention by adding it to the 
dough together with the improver base. 

The baking conditions were as follows: 



*5 1) Formula 



Wheat flour, medium coarse (g) 


1700 


Yeast (g) 


50 


Salt (g) 


28 


Water (g) 


1000 



25 2) Process 



30 



35 



40 



Mixing 


6 min 


• 

Dough temperature 


27* C 


Floor time 1 


45 min 


Floor time 2 




Scaling weight 


400 g 


Transfer Into pans 


* 


Proof 


40-45 min 


Baking 


20 min/220*C 



The amounts of the added enzyme, bread improver and Improver base appear from the following Table 
5 showing the test results. 1.94% of the improver base was added to all doughs prepared with the enzyme 
com position of the invention. In each bake, a dough containing 2% of bread Improver and a zero dough 

with no additives were used as a control. , c 

The consistency of the doughs was measured by means of a pharinograph after kneading and proofing. 
The loaves were also measured for their height, width, specific volume, and softness. 
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Tables 



5 



Baking results 






Bread 


Improv. 


Dough 


Bread 


Specific 


Breao sotuibss 


im Drover 


base 


consistency 


height/width 


bread vol. 


fnenBfrometer 








(RJ) 




0*9) 


united 








after 


after 














mixing 


proofing 








No additives 


■ 




375 


328 


54 


3.85 


76 


Bread improver 


20 




358 


305 


59 


4.64 


117 


l 




19.4 


* i 




66 


4.47 


102 


2 




19.4 






80 


4.37 


97 


3 




19.4 




* 


58 


4.39 


106 


4 




19.4 




m 


60 


4.61 


111 


5 




19.4 


390 


350 


59 


4.49 


109 


6 




19.4 


410 


350 


81 


4.90 


116 


7 




19.4 


400 


320 


59 


5.08 


120 


8 




19.4 


400 


330 


57 


4.83 


113 


9 




19.4 


380 


330 


62 


4.24 


102 


10 




19.4 


380 


330 


59 


4.24 


93 



25 

The enzyme composition of the invention made the dough harder than the bread improver, and it 
increased the mixing resistance of the dough and improved its proof tolerance as compared with the bread 
improver. 

By means of the enzyme composition of the invention, white wheat bread could obtain a specific 
30 volume equal to or greater than that obtained by the bread improver. With the enzyme addition, the specific 
volume of the bread was at best about 9% greater than the specific volume of a corresponding bread 
containing bread improver and 31% greater than the volume of a product prepared without additives. 

Loaves prepared with the enzyme composition of the invention were as soft as or slightly softer than 
those prepared with the bread improver and markedly softer than those prepared without additives. Loaves 
35 prepared with the bread improver showed a tendency to crack at the bottom. 

Example 4 

* 

40 Bakery scale baking tests were carried out by adding to a white bread dough one enzyme composition 
which contained the three preparations with the enzyme activities mentioned in Table 6 (the qualities of the 
flour were identical with those in Example 3) 
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The object was to find out whether It was possible to replace the emulsifier and gluten additions used in 
baking with the enzyme composition In question. 

Prior to the test bake, the enzyme composition was mixed with a small amount of wheat flour to form a 
so called baking pre-mixture. This pre-mbcture was added at the beginning of dough mixing in such an 
5 amount that the enzymes were added at the dosages given In Table 6 per kg of flour. With this dosage, a 
white bread dough and a French bread dough were prepared. During the baking, the pre-mixture containing 
the enzyme additions was mixed with the flour prior to the addition of water. 

The carrier in the pre-mbcture may also consist of other ingredients than white flour, such as other flour, 
dry milk, sugar, fat or a mixture containing these ingredients. The possible carrier may also be a baking 
ro additive (such as an emulsifier) or an additive mixture containing baking Ingredients and additives. 

In addition to a normal baking test a so called retarded baking test was carried out on the French bread 
dough, in which a dough piece in the form of a long loaf was kept In a refrigerator for 18 h, and the product 
was baked in the morning following the dough preparation. White bread was prepared using the straight 
dough process. 

is The ingredients and baking conditions were as follows: 



D Formula (amounts (g) calculated per one liquid litre of the dough) 

20 





French 
bread 


White bread 


Wheat flour 


1740 


see long loaf formula (no vegetable off) 


Gluten 


13 




Yeast 


100 




Salt 


28 




Water 


1,000 




Lecimax 2000 






Vegetable oil 


19 






2928 





2} Process 

35 





French bread 


White bread 


Mixing (min) 
Temperature (* C) 
Floor time (min) 
Moulding 
Floor time (min) 
Fmal moulding 
Refrigerator (h) 
Proof { C, %) 
Baking 


17 
23 
2-3 

First moulding 
10 

Glimek 

18 (part into direct baking) 

32 

Stick oven (RAOIONAL) 


12(DIOSNA) 
27 

approx, 30 

First moulding (BENIER) 
10 

Glimek 
direct baking 
30, 60%, 61 min 

rotary grate 25 min (WERNER & PFIEIDERER) 



In baking trials with the enzyme additions, gluten and Lecimax 2000 were replaced with the defined 
enzyme-flour pre-mixture. 

The baking results are shown in Table 7. 



55 
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Ta ble 7 

Product 



Volume (ml) Softness 
normal baking retarded (one day) 

baking 



FRENCH BREAD 



Normal formula 1080 1060 

Enzyme comp. 1250 1053 

Difference % (+16) (* °> 

WHITE BREAD 

Normal formula 1855 ^26 

Enzyme comp* 1880 # i?% 

Difference % (+1*5) l~ x/ > 



Sensory evaluation of the French bread and white bread bakes 




Normal formula 


Enzyme composition 


Dough after 


Rather weak 


Velvety, strong 


mixing 
Dough 
handling 


Slighty sticky 


Dry surface, good 
machinability 


properties 
Process 


Weak dough after 


Maintains well round profile 


tolerance of 


proofing 


at different process stages 


dough 
Crust 


Uneven texture and 


Crust very uniform, round 




colour, flattish shape 


shape 


Bread crumb 


Slighty open grain 


Uniform 



The results also from the bakery-scale test bake show that the white dough prepared with the addition 
of the enzyme composition was softer and more velvety after mixing than the dough prepared with the 
emulsifier and gluten addition. During moulding, the surface of the dough felt drier, which improved its 
machtnabliity. During and after proofing, the dough pieces made- of the dough with the enzyme additions 
had a greater height and exhibited a markedly better proof tolerance than the dough pieces made of the 
dough with the emulsifier and gluten addition. Differences .observed during the baking process in the 
properties of the doughs manifested themselves in the final bakery products as improved appearance, i.e.. 
the white bread and the French bread prepared with the enzyme additions had a more uniform surface and 
were more regularly round in shape. The test bake showed that by means of the enzyme composition the 
processability of the doughs could be improved and the final product had improved appearance and better 
crumb texture as compared with the bake using an emulsifier and gluten addition. 



Example 5 

Baking tests were carried out so as to find out whether it was possible to replace the bromate and/or 
rJacetyl tartaric add esters of the mono- and diglycerldes of fatty acids (DATA esters) used as additives in 
baking with the enzyme composition of the invention in combination with lecithin. The following combina- 
tions (enzyme composition/lecithin) were used In the tests: 
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Combination A 


Combination 6 


GO 

CelLhemicell. 

Fungal protease ("Fungal Protease*, manuf. Biocon, Ireland) 
Lecithin, Emulpur N 


2.5 mg/kg 
25" 
30* 
0.4% 


2.5 mg/kg 
35" 
30* 
0.4% 



The amount of the added enzyme composition is given in mg per kg of flour and the amount of added 

lecithin in % baked on flour. 

The amounts of added cellulolytic and hemicellulolytic enzyme and glucose oxidase as enzyme 

activities per kg of flour were as follows: 





Added enzyme activities uVkg 


Xyl. 


FP 


CMC 


GO 


Combination A 
Combination B 


675 
945 


9.5 
13.3 


233 
326 


263 
263 



in the test bakes, white pan bread was prepared using the Chorteywood Bread Process. The ingredients 
and baking conditions were as follows: 



Basic formula: 

25 







% on the 
weight of flour 


30 


Flour 


100 




Compressed yeast 


2.5 




Salt 


1.8 




Water - determ. with a 10 min extrusion method 


57.5 g 


35 


Fat 


0.7 


Ascorbic acid 


' 0.003 




Potassium bromate 


0.0045 



The alpha-amylases activity of the flour adjusted to 83 FU by adding fungal aipha-amylase. 

40 

3aking process: 
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Mixing machine 
Mixing efficiency 
Pressure 

Dough temperature 
Scaling 
First moulding 
First proof 
Final moulding 
Pan size 
Shape 

Proof conditions 
Proof height 
Baking temperature 
Type of oven 
Baking time 
Baking humidity 



Tweedy '35' 

11 Wh/kg 

Atmospheric 

30.5t TC 

Manually into 908 g 

Into a ball with a conical moulder 

6 min at room temp. 

"Four-piece" technique (R 9, W 15.5, R 0.25) 
250 mm x 122 mm, height 125 mm 
Lidded 

43* C. suitable humidity to prevent skinning 

11 cm 

244*0 

Gas-fired oven 
30 min 

No steam injection 



With the formula described above, one prepared (1) a basic dough, (2) a basic dough without bromate, 
(3) a basic dough without bromate and DATA ester, (4) a basic dough without bromate and DATA ester but 
with the addition of the combination A of the enzyme composition of the invention and lecithin, and (5) a 
basic dough without bromate and DATA ester but with the addition of the combination B of the enzyme 
composition of the invention and lecithin. 5,000 g of flour was used in each dough batch. 

No substantial differences were observed in the consistencies of the different doughs. The doughs were 
measured for the required mixing time (i.e. time required for the dough to consume 11 Wh/kg) and proof 
time, and the finished product for its loaf volume. Hunterlab Y-value (descriptive of the crumb colour, the 
higher the Y-value. the lighter the crumb colour), and the crumb score. The results are shown in Table 8. 

Table 8 



Mixing 
time (s) 


Proof time 
(min) 


Loaf 
volume 
(ml) 


Hunterlab 
Y-value 


Crumb score 
(max. 10) 


120 


51 


3013 


54.1 


8.0 


124 


48 


2914 


53.5 


5.5 


123 


50 


2594 


50.5 


2.0 


140 


50 


2925 


49.3 


4.0 


131 


50 


2953 


51.2 


5.0 



(1) Basic dough 

(2) No bromate 

(3) No bromate, no DATA ester 

(4) No bromate, no DATA ester + (A) 

(5) No bromate. no DATA ester + (B) 



The proof time was of the same order for all doughs (with the exception of dough (2)). As compared 
with the basic dough, the mixing time increased to some extent when the enzyme composition of the 
invention and lecithin were added to the dough. The addition of the enzyme composition and lecithin 
increased the loaf volume as compared with a product which did not contain bromate or DATA ester. No 
substantial differences were found in the crumb colour when comparing the product containing the enzyme 
composition of the invention and lecithin with a product prepared from the basic dough, which did not 
contain bromate and DATA ester. The crumb score was substantially better with the products (4) and (5) of 
the invention than with the product (3), which did not contain bromate and DATA ester. To sum up, It 
appears that the replacement of bromate and DATA ester with the* enzyme composition of the invention and 
lecithin resulted in a marked improvement over products prepared from the basic dough containing no 
bromate and no DATA ester. 



Example 6 



Corresponding test bakes as above in Example 5 were carried out for replacing bromate and 
monoglycerides with the enzyme composition of the invention and lecithin except that the Sponge and 
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Dough technique was used as a baking process. The following combinations were used in the tests: 





Combination 


C 


D 


E 


GO 

CelLhemicell. 

Fungai protease f Fungal Protease", rnanuf. Biocon Ireland) 
Fungal alpha-amyl. ("Sal-Cone. 90 QQO rt , manuf. Shin Nihon, Japan) 
Lecithin, Emulpur N 


1.0 mg/kg 
15 " 
45 " 
5 n 
0.4% 


2 mg/kg 
15' 
45' 
5" 
0.4% 


3 mg/kg 
30 " 
30" 
5" 
0.4% 



10 



The added amounts of the ceiMolytic and hemiceliulolytic enzymes and glucose oxidase as enzyme 
activities per kg of flour were as follows: 



15 



29 





Added enzyme activities U/kg 


Xyl. 


FP 


CMC 


GO 


Combination C 


405 


5.7 


140 


105 


Combination 0 


405 


5.7 


140 


210 


Combination E 


810 


11.4 


280 


315 



25 



ingredients and baking conditions used in the baking tests were as follows: 



White pan bread, preparation of basic dough 



30 Batch size 

<g) (g) 



Ingredients 



35 



40 



700 



3 

25 
420 



50 



300 



2100 



9 

75 

1260 



900 



Sponge 

White flour (protein content 11.72% 
determined per 14 % flour moisture) 
"Arkady (RKD) u mineral yeast food, 
manuf. Cainfood Ind,; 2.8 g of 

br ornate /kg 
Compressed yeast 
Water 
Dough 

White flour (protein content 11.72% 
determined per 14% flour moisture) 



55 
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10 



60 


180 


Sugar 


20 


60 


Nonfat dry milk 


20 


60 


Salt 


5 


15 


Bread softener (raonoglycerides ) 


30 


90 


All-purpose shortening 


180 


540 


Water 


1763 


5289 


Total dough weight 







Process 






Hobert A-200 mixer 
McDuffee 20 Qt. dough bowl 






Sponge: 


24-25 
3.25 


24-25 
3.75 


temperature (* C) 
fermentation time (h) at 29* C 






Dough: 


25.5-26.5 
5 

10 
526 

100± 1mm 
16 
1 


25.5-26.5 
9 
10 
526 
100± 1mm 
16 
1 


Temperature (*C) 

Mixing time (min) with med. speed 

Floor time (min) 

Scaling weight (g) 

Average proof height 

Baking time (min) at about 230* C 

Cooling time at room temperature (h) 



The baking test results are given in Tables 9-12. 

Crumb softness (given In the tables) has been defined using the AACC standard method 74-09 (force 
35 required to compress two slices of bread (25 mm) with a 36 mm diameter flat disk plunger by 6.2 mm 
(25%) at a compression rate of 100 mm/mln); the smaller the value, the softer the product 
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45 



50 
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Table 9 



Bread aualities 


Max 


Basic 


0.5% 


1 % C 


1 % D 




score 


douah 


"GMS-90" 
• 






Externa! qualities; 


30 










Volume 


10 


8.5 


9 


9.25 


9.5 


Symmetry 


5 


4.75 


4.5 


4.5 


A AH 

4.25 


Crust colour 


10 


a 


8 


8 


8 


"Break & Shred" 


5 


4.75 


4.5 


4.5 


A /If* 

4.25 


Internal qualities: 


70 








8 


VJIi atJI 


10 


ft 


ft 


8 


Texture 


15 


13.25 


13.25 


1325 


13 


Colour 


10 


9 


9 


9 


9 


Aroma 


10 


9 


9 


9 


9 


Taste 


15 


13 


13 


13 


13 


Mouth feei 


10 


9 


9 


9 


9 


Total score 


100 


87.25 


87.25 


87.5 


87 


Proof height (mm) 




100 


99.3 


100.3 


100.3 


Proof time (min) 




61 


60 


65 


58 


Specific volume (cm 3 'g) 




5.50 


5.60 


5.65 


5.70 


Crumb softness (3 days) 




318 ±6 


274 1 5 


254 t 5 


288*6 


Dough consistency 








more relaxed at moulder** 


siighfy softer at mixer 



10 



20 



25 



9 crumb softener, manuf. Breddo, USA, contains 21 % of monoglycerides, whereby 0.5 % GMS-90 
equivalent to an addition of 1.05 g of monoglycerides per kg of flour 
~ see Table 2 



is 
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Table 11 



tm 


Bread qualities 


Max 


0.3% Arkady(RKD)' In 


0.3% Arkady(RKDr added 


1 % E No 


5 




score 


sponge 0.5 % GMS-9Q~ 


. to dough 0.5 % GMS-9(T 


GMS-90 








Control 


20 sec 


Control 


20 sec 


Control 


20 sec 










vibration 




vibration 




vibration 




External qualities: 


30 














10 


Volume 


10 


9.25 


7.5 


9.25 


4.5 


9 


5 




Svmmetrv 


5 


4.25 


4 


4.25 


3.5 


455 


3.5 




Crust colour 


10 


8 


7.5 


8 


6.5 


8 


6.5 




Break & Shred 


5 


4.5 


4 


4.5 


3.75 


4.75 


3.5 


/5 


Internal qualities: 


70 














Grain 


10 


8 


7.75 


7:5 


7.5 


7.5 


7.5 




Texture 


15 


13 


12.5 


12.5 


12.5 


13 


12.25 




Crumb colour 


10 


9 


9 


9 


9 


8.75 


8.75 




Aroma 


10 


9 


9 


8.75 


8.75 


9 


9 


20 


Taste 


15 


13 


13 


13' 


13 


13 


13 


Mouth feel 


10 


9 


9 


9 


9 


9 


9 




Total score 


100 


87 


83.25 


85.75 


78 


86.25 


78 




Proof height (mm) 




99.4 


99.3 


100 


100 


99.9 


100 




Proof time (min) 




58 


62 


63 


25 


Specific volume (crn^g) 




5.49 


5.10 


5.47 


4.51 


5.41 


4.63 



" equivalent to 8.4 ppm of bromate 

- equivalent to 1 .05 g of monoglycerides/kg of flour 



30 

Table 12 



35 



40 



Crumb softness 


Formulation 


Combination of to 
the invention 


Bread age 


Arkady 
(RKD) % 


GMS-90 % 


1 day 


5 days 


0.3' 


■ 0.5- 


m 


17111 


33514 




0.5" 


» 


20U3 


35218 






134 


174±3 


34916 






136 


16712 


33414 


0.3" 


0.5" 




147±4 


29415 


0.3 3 * 


0.5" 




14514 


29317 




m 


143 


14613 


30815 



a bromate added to dough instead of sponge 
* equivalent to 8.4 ppm of bromate 
50 " equivalent to 1 .05 g of monoglycerides per kg of flour 



Table 9 gives results from baking tests on the replacement of an emulsifier (monoglycerides) with the 
combination of the invention. Monoglycerides (bread softener GMS-90) or the combination C and D of the 
invention were added to the basic dough (containing bromate (Arkady (RKD)) added in the sponge). It 
appears from the table that the enzyme composition of the invention in combination with lecithin can 
replace monoglycerides used as emulsifier (cf. the total score obtained by the breads). The loaf volume 
increased slightly when using the combination of the invention as compared with bread made from the 
basic dough alone, and the other properties were substantially of the same order. In addition, the use of the 
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combination of the invention gave slightly softer bread as compared with bread made from the basic dough 
with the addition of monoglycerides. 

Table 10 shows results from baking tests carried out for studying the replacement of bromate with the 
combinations C and D of the invention. The first dough contained 8.4 ppm of bromate (0.3% Arkady (RKD)) 

5 added to the sponge, and 0.11% of monoglycerides (0,5% GMS-90). The second dough contained 0.11% 
of monoglycerides (0.5% GMS-90) but no bromate. The third dough contained the combination C of the 
invention -without bromate and monoglycerides. Finally, the fourth dough contained the combination D of the 
Invention, similarly without bromate and monoglycerides. in addition, each dough underwent a vibration test 
ot 20 seconds for the assessment of the strength of the dough. 

fo When the combination C of the invention was used, the loaf volume obtained was as good as that 
obtained with the control containing bromate. No major deficiencies were observed in the external 
properties of the loaf when bromate was omitted. The proof time, however, was slightly longer with doughs 
prepared without bromate. As to the test results from the vibration test the combination D in particular was 
able to eliminate the negative effects of vibration. 

1$ Table 1 1 shows the results from baking tests carried out for studying the replacement of bromate with 
the combination E of the invention. Three doughs were prepared of which the first dough contained 8.4 ppm 
of bromate (0.3 Arkady (RKD)) added to the sponge, and 0.11% of monoglycerides (0.5% GMS-90); the 
second dough contained 8.4 ppm of bromate (0.3% Arkady (RKD)) added to the dough, and 0.11% of 
monoglycerides (0.5% GMS-90); and the third dough contained the combination E of the invention without 

20 bromate and monoglycerides. it appears from the results that the dough prepared by means of the 
combination of the invention behaved substantially similarly as the control dough, in which the bromate had 
been added to the dough instead of the sponge. 

Table 12 shows the results from baking tests carried out for comparing the effect of monoglycerides 
(possibly in combination with bromate) and that of the combinations C, D and B of the Invention on the 

25 crumb softness when the product was stored. It appears from the results that the combinations C and D of 
the invention affected the crumb softness as favourably as monoglycerides conventionally used for the 
purpose (with five days old loaves). The stage at which bromate was added did not affect the ageing of the 
bread. Bread made with the combination E of the invention was slightly softer than the control after storage 



A test bake was carried out for studying further the effects of a simultaneous addition of the enzyme 
composition optimized for baking purposes and lecithin on white baking. Previous tests have not shown that 
the use of this enzyme composition could increase the process resistance and loaf volume and improve the 
anti-stallng properties of the product, for instance. It was the object of the test to find out whether lecithin in 
combination with the enzyme composition could further improve the baking properties of white dough so 
that qualitatively better bakery products could be obtained. 

The product to be baked was a white roil. The qualitative properties of the white flour used in the bake 

were as follows: 



for five days. 



30 



Example 7 



45 



Protein content 

Ash content 
Failing number 
Amylogram 
Add. of ascorbic acid 



10.9% (d.s.) 

0.79% 
292 

230. 8.11779* C 
15 ppm 



so 



The test bake was carried out with the following formula and process parametres: 



Basic formula: 
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White flour 


1,000 g 


Yeast 


35 g 


Salt 


20 g 


Sugar 


20 g 


Wafer 


620 g 


Total 


1,695 g 



70 process : 
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Dough mixing 

Dough temperature 
Scaling and first moulding 
First proof time 
Proofing 
Baking time 



5 min (Kemper spiral mixer, speed 2) 

27* C 

60 g (Rekord toiler) 
10 min 

40 min/75% rH, 35 *C 
18mirv220*C 



The following doughs were prepared: (1) a basic dough with the basic formula, (2) a basic dough with 
the addition of lecithin, (3) a basic dough with the enzyme addition according to the invention, and (4) a 
basic dough with the addition of lecithin and enzyme. 

The added lecithin and enzyme amounts in doughs (2), (3) and (4) were as follows: 







(2) 


(3) 


(4) 




GO 




1 mg/kg 


1 mg/kg 




CeiLhemicell: 




15 " 


15 ■ 


30 


Fungal protease ("Fungal protease", manuf. Biocon, Ireland) 




45" 


45 rt 




Fungal alpha-amylase ("Sai-Conc. 90 000", manuf. Shin Nihon, Japan) 




5" 


5" 




Lecithin. Emulpur N 


0.4% 




0.4% 



35 The amounts of added enzymes is given in mg per kg of flour and the amount of added lecithin in % 
on flour. 

The added amount of celiulolytic and hemiceilulolytic enzymes and glucose oxidase as enzyme 
activities per kg of flour were as follows: 



• 


Added enzyme activities U/kg 


Kyi 


FP 


CMC 


GO 


Flours (3) and (4) 


405 


5.7 


140 


105 



i5 

The results are shown in the -following table: 



Product properties 


Baking series 


(1) 


(2) 


(3) 


(4) 


Weight (g) 


45 


45 


46 


47 


Height (mm) 


46 


48 


50 


48 


Width (mm) 


77 


82 


78 


80 


Volume (ml/prod.) 


153 


164 


177 


182 


Specific volume (cm 3, g) 


3.4 


3.6 


3,7 


3.9 


Sensory evaluation (texture/crumb properties) 


satisf. 


good 


good 


excellent 
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The results show that the mere addition of lecithin or an enzyme composition useful in baking improves 
the roll baking result Both additions increase the roll volume by 5-10% in average. As to the crumb texture, 
making differences can be found between products prepared with an addition of lecithin and enzymes, 
respectively. Lecithin gives a more even grain structure with smaller pores as compared with the enzyme 

& composition. The addition of lecithin gives the dough a rather slack, slightly sticky texture, whereas the 
enzyme mixture strengthens the dough giving good handling properties. Simultaneous use of lecithin and 
the enzyme composition in baking clearly affects favourably the baking properties. The elastic dough has 
improved handling and process properties. The grain structure of the final product is more uniform aid 
softer as compared with products prepared with a mere addition of lecithin or enzymes, in addition, the 

w external properties of the product are more even (crust texture). The simultaneous use of lecithin and the 
enzyme composition simultaneously increases the bread volume by about 15% as compared with a product 
prepared without any additions. 

Preliminary experiments have demonstrated mat the enzyme composition of the invention with or 
without lecithin works also in doughs where higher amounts of fat and/or sugar and/or spices are present, 

16 such as in doughs for sweet goods, like cakes. 

The effective amount of cellulose and hemicellulose degrading enzymes is mutually dependent on the 
level of each other. The levels are also dependent on the microbial source used in enzyme production. 
Furthermore, the effective amount of cellulose and hemicellulose {specified as xyien) degrading enzymes is 
dependent on the levels of other hemicellulose degrading enzyme activities. 

20 Foregoing general discussion and experimental examples are Intended to be illustrative of the present' 
invention, and are not to be considered as limiting. Other variations within the spirit and scope of this 
invention are possible and will present themselves to those skilled in the art 
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1 . A method of improving the properties of dough and the quality of the baked product, characterized 
by adding to the dough, dough ingredients, Ingredient mixture or dough additives or additive mixture an 
enzyme preparation comprising hemicellulose and/or cellulose degrading enzymes and glucose oxidase, or 

30 sulphydryt oxidase and glucose oxidase. 

2. A method according to claim 1 , characterized in that the enzyme preparation Is added in an amount 
of about 0-50,000 units of hemlceliulase; about 0-50,000 units of cellulase; about 5*2.500 units of glucose 
oxidase: and about 0-800 units of sulphydryl oxidase, calculated per kg of flour. 

3. A method according to claim 2, characterized in that the enzyme preparation is added in an amount 
35 of 10-10.000 units of hemicellulase; 10-10.000 units of cellulase; 35-1,000 units of glucose oxidase; and 0- 

300 units of sulphydryl oxidase, calculated per kg of flour. 

4. A method according to claim 1, characterized in that the dough is prepared using a straight dough 
process, a sour dough process, the Chorleywood Bread Process or the Sponge and Dough process. 

5. A method according to claim 1 , characterized in that the baked product is bread. 

40 6. A method according to claim 1 , characterized In that the baked products are sweet goods. 

7. A method according to any of the preceding claims, characterized In that the dough additive or 
additive mixture contains lecithin. 

8. A method according to claim 6. characterized in that lecithin is used in an amount of 0.1-1.4%, 
preferably 0.2-0.8%, specified as 100% lecithin, calculated on the flour. 

46 9. An enzyme preparation useful in baking, characterized in that it comprises hemicellulose and/or 
cellulose degrading enzymes and glucose oxidase, or glucose oxidase and sulphydryl oxidase. 

10. A pre-mixture useful in baking, characterized In that it comprises hemicellulose and/or cellulose 
degrading enzymes and glucose oxidase, or glucose oxidase and sulphydryl oxidase, as mixed with a 
carrier, 

so 1 1 . A pre-mixture according to claim 8, characterized in that the carrier is flour, dry milk, sugar, fat or 
their mixture or a baking additive or additive mixture. 

12. A pre-mixture according to claim 9, characterized In that the carrier is a baking additive or additive 

mixture containing lecithin. 
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